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(dam3)

Flow cubic meters per cubic feet per 35,315 0.028317 I
second (m3/s) second (ft3/s)

Velocity meters per second feet per second (Us) 3.2808 0.3048 B
(m/s)

Temperature          degrees Celsius (~C) degrees Fahrenheit (:F)    (1.8 * C)+32         (" F-32)/1.8

!
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Report to the Fish and Game Commission
A Status Review of the

Spring-run Chinook Salmon (Oncorhynchus tshawytscha)
in the Sacramento River Drainage

I. EXECUTIVE SUMMARY

Background

This status report was prepared in response to a petition to list Sacramento River spring-run
chinook salmon (Oncorhynchus tshawytscha) as an endangered species pursuant to the
California Endangered Species Act (Fish and Game Code Sections 2050 et seq.). The Fish
and Game Commission (Commission) received the petition on October 16, 1995, from State
Senator Tom Hayden. The California Department of Fish and Game (Department) conducted a
90-day review of the petition and recommended the petition be accepted and considered by the
Commission~

At its April 4, 1996, meeting the Commission rejected the petition to list the Sacramento River
spring-run chinook salmon. On February 21, 1997, a Writ of Mandate was issued by the
Sacramento Superior Court commanding the Commission to accept the petition and designate
the Sacramento River spring-run chinook salmon as a "candidate" species. On June 13, 1997,
the Commission took action to void and set May 6, 1996, rejectionformal aside its of the
petition. The twelve-month candidacy period became effective June 27, 1997.

Pursuant to Section 2074,6 of the Fish and Game Code, the Department undertook a review of
this petition. Based on the best scientific information available and consideration of existing
and proposed future manag~.~ment activities regarding spring-run chinook salmon in California’s
Central Valley. the Department has evaluated whether or not the petitioned action is warranted.
Information and comments on the petitioned action and the species in question were solicited
from =nterested parties, management agencies, and the scientific community.

This report presents the results of the Department’s review and analysis.

Findings

Life-history characteristics that separate spring run from the other Central Valley populations
have been observed since the last century. These characteristics, together with recently
developed genetic analyses, indicate spring run comprise a distinct interbreeding population
segment of Central Valley chinook salmon. Spring-run chinook salmon are distinguishable and
separable from other runs of Central Valley chinook.

SprLng~run chinook salmon once occupied the headwaters of all major river systems in
California’s Central Valley where natural barriers were absent. Based upon estimates derived
from commercial fish landings, the population of Central Valley spring-run chinook salmon in
the 1880’s ranged from 127.000 to 604,000 fish.

Section I Executive Summary                  Section I. - Page 1
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Between the 1880s and the 1940s, a major decrease in spring-run chinook salmon abundance
occurred. It is attributable to the commercial gill-net fishery at the turn of the century, water
development and dams that prevented or interfered with access by adults to headwater areas,
and habitat degradation due to mining and reclamation activities. In the 1940’s, the population
ranged from 19,000 to 222,000 fish per year. In recent decades, spring run have ranged from
500 to 13,000 fish per year.

Streams that continue to support wild, persistent, and long-term documented populations of
spring-run chinook salmon are Mill, Deer, and Butte creeks. These remaining wild populations
of Sacramento River spring-run chinook salmon are small, isolated, and their range is
restricted. Genetic risks exist due to these small population sizes.

There are other streams which may support Sacramento River spring run but documentation is
weak (Battle Creek), their populations are not persistent (Antelope, Cottonwood, and Big Chico
creeks), populations may be hybridized to some degree with fall run due to lack of spatial
separation of spawning habitat (Sacramento, Yuba, and Feather rivers), or is a hybrid hatchery
population (Feather River Hatchery). If unmodified, this hatchery program represents a threat
to the genetic integrity of remaining wild spring run in the Sacramento River basin.

Habitat degradation in the lower part of tributaries and in migratory pathways, is considered to
be a significant source of ongoing risk to Sacramento River spring-run chinook. Juvenile
rearing habitat and juvenile and adult migration corridors have been impacted. Degradation
includes: restricted and regulated flows, agricultural and municipal diversions and returns,
unscreened or poorly screened diversions, elevated water temperatures, and the poor quality
and quantity of remaining habitat. Adult fish passage within the lower reaches of spawning
tributaries can be delayed or even blocked under lower flow conditions. Mortality of migratory
juveniles is considered a significant factor affecting spring-run abundance. Operations at the
State and Federal Delta water export facilities affect the level of juvenile spring run entrainment
to the central and southern Delta.

Habitat restoration projects to benefit spring run are being addressed principally under two
major restoration plans: the Department’s Restoring Central Valley Streams: A Plan For Action
and the Federal Central Valley Project Improvement Act. Recently implemented restoration
actions upstream of the Delta have resulted in improvements to spring-run fish passage through
increased streamflows and barrier removal and modifications. The expected benefits to spring-
run populations from other recently implemented restoration projects will take time to realize
because of the variable nature of the populations and their predominantly three-year life-cycle.
Adaptive management for spring run in the Delta, initiated in 1996 through the CALFED
Operations Group and the Spring-run Chinook Salmon Protection Plan, if cor~tinued, is also
expected to reduce impacts on juvenile spring run.

There are a considerable number of future restoration actions proposed in the Department’s
Restoring Central Valley Streams: A Plan For Action and the Central Valley Project
Improvement Act’s Anadromous Fish Restoration Program. These actions primarily target
areas upstream of the Delta. Full implementation of these actions should provide adequate
protections for spring run upstream of the Bay-Delta.

Section I. Executive Summary
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The CALFED Bay-Delta Program, which began in June 1995, is charged with developing a
long-term solution for restoring the ecosystem health and improving water management for
beneficial uses of the Bay-Delta system. The CALFED Bay-Delta Program released a draft
Environmental Impact Statement / Environmental Impact Report in April 1998. Following the
close of the comment period (July 1, 1998) CALFED will be preparing a Revised Draft
Pro.grammatic Environmental Impact Statement / Environmental Impact Report for release by
the end of the year; it will identify a draft preferred alternative. One element of the CALFED
Bay-Delta Program, the Ecosystem Restoration Program, contains actions that would be
generally beneficial for salmon, including spring run.

There are several projects, such as the Interim South Delta Program, the Implementation of the
1995 BaylDelta Water Quality Control Plan, and others funded by the Central Valley Project
Improvement Act, which are currently proposed that could alter the magnitude and timing of
water diverted at the State and Federal export facilities in the Delta. These projects are in
various stages of environmentat review, some of which have yet to define a preferred
alternative.

Conclusions

The petition requested listing as endangered. Based on the best scientific information available
to the Department and existing and future proposed actions affecting Sacramento River spring-
run chinook salmon, the Department concludes that this species is threatened

Recommendations

The Department recommends the following:

1. The Commission fred that the Sacramento River spring-run chinook salmon are
threatened

2. The Commission pubhsh notice of its intent to amend Title 14, California Code of
Regulations, Section 670.5 to add Sacramento River spring-run chinook salmon
(Oncorhynchus tshawytscha) to the list of threatened species.

3. Continue current protective actions. Design and implement new ones in cooperation
with the public and government agencies, including State and Federal water project
operators, to secure Sacramento River spring run and its habitat.

4. Develop a restoration plan for Sacramento River spring-run chinook salmon that will:
(a) protect the existed? ~opulations and habitat of the species; (b) restore the habitat and
populations of the species; and (c) monitor the populations of the species.

I Section I Executive Summary
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Report to the Fish and Game Commission
A Status Review of the

Spring-run Chinook Salmon (On¢orhynchus tshawy.tscha)
in the Sacramento River Drainage

I                                     II. INTRODUCTION

I Petition History

The Fish and Game Commission (Commission) received a petition from State Senator Tom

I Hayden on October 16, 1995, to list Sacramento River spring-run chinook salmon as an
endangered species under provisions of the California Endangered Species Act (CESA). The
Commission reviewed the petition for completeness and, pursuant to Section 2073 of the Fish

I and Game Code (FGC), referred the petition to the Department of Fish and Game (Department)
on October 18, 1995, for evaluation. The Department had until January 17, 1996, (90 days from
the date of referral from the Commission) to evaluate the petition and report one of the following

i recommendations to the Commission:

(1) Based upon the information contained in the petition, there is not sufficient
information to tndicate that the petitioned action may be warranted; or

I              (2)    Based upon the information contained in the petition, there is sufficient
informat=on to indicate that the petitioned action may be warranted, and the

I petition should be accepted and considered.

The Department found that the information in the petition was sufficient to indicate the petitioned

I action may be warranted Petition information was evaluated according to the criteria specified
in FGC Section 2072.3. Tt~e Department also relied upon information and data contained in its
files to interpret tr~e petitton’s information. The Department recommended acceptance of the

i petition to the Commission. At its April 4, 1996, meeting the Commission rejected the petition.
The Commission adopted findings outlining reasons for the rejection of the petition at its May 6,
1996, meeting. The Commission determined that:

I "...there was insufficient evidence to find there was an immediate threat to the continued
existence of the spring-run salmon or that a listing may be warranted. The Commission
finds that the petition does not provide sufficient information in the category of degree of

I threat and lacks a discussion on taxonomy that would establish the Sacramento River
spring-run chinook salmon as a listable entity."

I The Commission further declared the spring-run salmon to be a "monitored" species (California
Code of Regulations [CCR]. Section 670.6) and instructed the Department to gather certain
information on the species

I Senator Hayden, the original petitioner, and others challenged the Commission’s determination
and designation in court. On February 21, 1997, a Writ of Mandate was issued by the
Sacramento Superior Court setting aside the Commission’s actions of April 4 and May 6, 1996.

I On March 6 and April 3, 1997, Commission held. An appeal of the court ordermeetings were

Section I1~ Introduction
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[]
was considered during executive sessions. On April 4, 1997, a news release was issued I
relating the Commission’s decision to not appeal the Superior Court ruling.

On June 13, 1997, a Commission meeting was held in Bridgeport. The Commission took formal I
action to set aside its actions of April 4 and May 6, 1996, and accepted the petition and noticed
the spring-run chinook salmon as a candidate species. The Commission also adopted a Special
Order, pursuant to FGC Section 2084, to provide for incidental take of spring-run chinook ¯
salmon during the candidacy period. On June 17, 1997, the Commission staff submitted a
Notice of Candidacy, including the Special Order to the Office of Administrative Law. On June
27, 1997, the notice was published in the California Regulatory Notice Register and the twelve- I
month candidacy period became effective. A "candidate species" means a native species or
subspecies of a bird, mammal, fish, amphibian, reptile, or plant that the Commission has
formally noticed as being under review by the Department for addition to either the list of
endangered species or the list of threatened species, or a species for which the Commission
has published a notice of proposed regulation to add the species to either list (FGC Section
2068).

IDepartment Review

This report contains the results of the Department’s review and recommendation to the I
Commission. It is based on the best scientific information available and a knowledge of current
and proposed protective measures. It also contains the Department’s recommendation about
whether the petitioned action is warranted. Further, it identifies habitat that may be essential to I
the continued existence of the species and suggests prudent management activities and other []
restoration actions.

The Department has contacted affected and interested parties, invited comment on the petition, I
and requested any additional scientific information that may be available, as required under FGC
Section 2074.4. Appendix A contains a list of parties contacted, a copy of the Department’s
Public Notice which was transmitted to all parties, a list of newspapers which published the IPublic Notice, and a list of individuals, organizations’, and agencies that responded.

Federal Status Review and Recovery Planning
I

The National Marine Fisheries Service (NMFS) is the Federal resource agency responsible for
administering the Federal Endangered Species Act (ESA) for anadromous fish. On March 14,
1994, NMFS was petitioned by the Professional Resources Organization-Salmon (PRO-Salmon)
to list spring-run populations of chinook salmon in three separate rivers in the state of
Washington (the North Fork and South Fork Nooksack River, the Dungeness River, and the I
White River). Around this same time, NMFS also received petitions to list additional populations
of other Pacific salmon species in the Puget Sound area. As a result, NMFS announced on
September 12, 1994 that it would initiate status reviews pursuant to the ESA for all species of
anadromous salmonids in Washington, Oregon, California, and Idaho. i
The status of Sacramento River spring-run chinook salmon is presently under evaluation as part
of the NMFS status review of all West Coast chinook salmon populations (NMFS 1996).
Sacramento River spring-run chinook salmon is referred to as Central Valley spring-run chinook
salmon in the NMFS status review. The NMFSWest Coast Chinook Salmon Biological Review
Team (NMFS-BRT), completed preparation of a draft status review report in November 1996

I
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(NMFS 1996). NMFS distributed copies of the report to selected private and public individuals
and government agencies, including the Department, for review and comment. A final status
review report was issued in February 1998 (Myers et al. 1998).

NMFS concluded that, based upon its life-history traits, ecological data, and supported by recent
genetic data, Central Valley spring-run chinook salmon constitute a separate Evolutionadly
Significant Unit (ESU). The majority of the NMFS-BRT concluded, based upon scientific
evidence, that Central Valley spring-run chinook salmon are in danger of extinction.

Within a year of the NMFS-BRT conclusion (by February 1999), NMFS will consider the impacts
of the current and planned management activities to protect Central Valley spring run and make
their final listing determinations.

The U.S. Fish and Wildlife Service (USFWS) prepared and released a multi-species Recovery
Plan for Sacramento-San Joaquin Delta Native Fishes in November 1996 (USFWS 1995a). The
USFWS included Sacramento River spring-run chinook salmon as one of eight species
addressed by the plan. All eight species were determined to be dependent on the Delta for a
significant segment of their life history and threatened by: (1) loss of habitat due to increased
freshwater exports; (2) loss of shallow-water habitat; (3) introduced aquatic species; (4)
entrainment in State, Federal, and private water diversions; and (5) changes in pattern and
timing of flows through the Delta. The plan also determined that spring-, late-fall-, and San
Joaquin fall-run chinook salmon are affected by sport and commercial harvest, as well as by
interactions with hatchery populations.

The Department, in this report for the Commission, reviewed both the NMFS’ chinook salmon
status review and the USFWS recovery plan

Public Responses

Appendix A contains; (1) a copy of the Public Notice; (2) a list of parties contacted by Public
Notice: (3) a list of newspapers which published the Public Notice; (4) a list of parties who
responded to the Public Notice: and (5) a list of Peer Reviewers who reviewed the draft report.
Where appropriate, modifications to the document were made to respond to Peer Review
comments.

!
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Ill. LIFE-HISTORY

Species Identification

Chinook salmon are physically distinguished from other species of salmon by their large size (to
99 pounds), the presence of small black spots on both lobes of the caudal fin, black pigment
along the base of the teeth, and a large pyloric caecanumberof (McPhail and Lindsey 1970,
Hart 1973). Juvenile fish are identified by large parr marks that extend well below the lateral
line. The adipose fin is unpigmented except for a black edge. The anal fin is usually only
slightly falcate, and the leading rays do not reach past the posterior insertion of the fin when
folded against the body. The anal fin has a white leading edge that is not outlined by a dark
pigment line (as in the coho salmon). Juvenile characteristics are highly variable; reliable
identification is often dependent on meristic and pyloric caeca counts. The chinook, like all
salmon species within the genus Oncorhynchus, is anadromous. Adults spawn in freshwater
and juveniles emigrate to the ocean where they grow to adulthood. Upon their return to
freshwater, adults spawn and then die.

On the North American Coast, spawning populations of chinook salmon are known to be
distributed from Kotzebue Sound, Alaska to Central California (Healey 1991). The southernmost

salmon in the Sacramento-San basins of California.populationsof chinook occur Joaquin
There are two distinct spring-run chinook salmon populations in California: the North Coast
Klamath-Trinity populat=on and the Central Valley Sacramento-San Joaquin population. NMFS
has recently completed an examination of genetic study results for West Coast chinook salmon
populat=ons and determined that the Klamath-Trinity River population is genetically distinct from
the Sacramento-San Joaqu~n population (Myers et al. 1998).

Taxonomy

Taxonomy is the discipline of c~assifying and naming distinct groups of organisms. The
classification system consists of a hterarchy of smaller to larger groups. A group of organisms
defined by the classification system, such as a class or species, is called a taxon. A taxonomic
"species’ is a basic unit in the classification system, consisting of a group of individuals having
many characteristics in common and differing from all other one or more ways.life formsin

Chinook salmon, Oncorhynchus tshawytscha (Walbaum), is one of nine Oncorhynchus species
distributed around the North Pacific Rim. The genus Oncorhynchus is found within the Family
Salmonidae (salmon, trout, and char), in the Class Osteichthyes (bony fishes). Chinook are
most closely related to the coho salmon, Oncorhynchus kisutch (Walbaum). Chinook salmon is
the accepted common nam÷ for this species as adopted by the American Fisheries Society and
Federal and State natural res.o:~rce agencies, but they are also known as king salmon and tyee.

Chinook salmon, like all Pacific salmon, exhibit a wide range of characteristics that are not
accounted for in classic hierarchical taxonomy. In order to distinguish each group shadng
several to many character~st,:~ data regarding body structure, physiology, embryology, genetics,
behavior, and other feature~, must be included (Storer et al. 1968). Riddell (1993) provides a
more detailed description o.~ the hierarchical organization of Pacific salmon that accounts for
their biological diversity. Lower levels within the organizational hierarchy have less temporal and
spatial variability. Avers (1989i defined subspecies as: "...populations that share most of their
characteristics but differ in a few traits, inhabit different geographical or ecological subdivisions

Section I11. Life-H~story
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of the entire range of the species, and can freely interbreed with one another .... The
identification of geographically or ecologically distinct subspecies has genetic validity."
Subspecies are categorized below species, but above biological races. Races can be further
categorized into populations. The diversity of the species has arisen from a variety of genetic
processes (for example natural selection, genetic drift, and mutation) which occur at the level of
the individual (Freeman 1998), which is a basic unit of diversity.

In California there are four runs of chinook salmon that are differentiated by the timing of adult
spawning migration: fall-, late-fall-, winter-, and spring-run chinook salmon. These four runs,
including spring-run chinook, are often called "races" in the sense of Merrell (1981): subdivisions
of a population that are somewhat geographically separated and exhibit reduced gene flow. In
this report, Sacramento River spring-run chinook salmon as a group will be referred to as a run.
Units within this larger group will be referred to as populations.

Species as a Biological Concept and Regulatory Criteria

Spring run and the other chinook salmon runs in the Central Valley are not characterized as
separate species by classic taxonomy; however, they are distinct population segments when the
cumulative knowledge of each run’s spatial, temporal, and behavioral attributes are fully
considered along with biochemical data such as protein electrophoresis, cytogenic analyses,
and techniques that estimate genetic divergence.

Spring run are differentiated from the other chinook salmon runs (fall-, late-fall-, and winter-run
chinook) in the Sacramento River by the time of their spawning migrations, the degree of
maturity of adult fish entering freshwater, their spawning areas, and emigration timing of
juveniles. Spring run maintain their genetic integrity by being temporally and/or spatially isolated
from other runs in the Sacramento River system. Spring run are temporally isolated from winter
run. Temporal isolation with fall run is not complete; however spring run were naturally spatially
isolated from fall run. Based on their recognized distinctness, State and Federal resource
management and conservation agencies have historically managed spring run separately from
the other runs of Sacramento River chinook salmon.

As explained in a recent publication by Nehlsen et al. (1991), the greatest challenge in
preserving the genetic diversity of salmonid fishes concerns the protection of nontaxa (below the
biological species level). Behnke (1993) also voiced this opinion, stating, "Obviously, any
conservation program to preserve biodiversity must begin at the lowest nontaxon level." The
scientific justification for extending protection to distinct population segments of species is that
genetic diversity provides the raw materials for adaptation of a species as a whole to changing
conditions. Loss of specific population segments can contribute to the decline of the species as
a whole and increase its probability of extinction. Therefore, protection of population segments
is biologically appropriate (Ecological Society of America 1996). Wood (1995), in describing the
declining trends in number and magnitude of salmon spawning runs in British Columbia,
concluded they implied a loss of genetic diversity, through the loss of both locally adapted sub-
populations and genetic variation due to low effective population sizes. The same arguments
can be made for the Sacramento River spring-run chinook salmon.

The Sacramento River spring run has been formally recognized in the fisheries literature as a
distinct run or stock since 1875 when Livingston Stone first described the different runs in the
mainstem Sacramento River (Stone 1875). The Commission has defined the State’s policy
regarding salmon population management and at what level management should be directed,
Section III. Life-History
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stating: "It is the policy of the Fish and Game Commission that managedsalmon shallbe to
protect, restore, and maintain the populations and genetic integrity of all identifiable stocks..."
(FGC, Salmon Policy). This management focus is consistent with current literature on the
protection of the genetic diversity of species.

GeneticsI
Recent genetic research has provided evidence that supports the distinctiveness of spring-run
chinook salmon and complements known spring-run chinook life-history. Several researchers

I have investigated, or are currently investigating, genetic variation in Central Valley chinook
salmon runs using a variety of data: protein (i.e., allozyme) electrophoresis, variability in
mitochondrial DNA (mtDNA), and highly polymorphic segments of nuclear DNA (nDNA) called

I microsatellites. Not all tributary spawning populations of spring run have been analyzed.
Therefore, the genetic relationships between various spring-run spawning populations in the
Central Valley have not yet been evaluated. In addition, because of the reduced population

I levels, sample sizes are small and baseline data with which to characterize each population are
limited. Nevertheless, some general conclusions can be made, using this recent work, that
support the distinctiveness of spring-run chinook salmon from fall-, late-fall-, and winter-run

i chinook salmon¯

Bartley et al. (1992) analyzed the genetic structure of 37 chinook salmon populations in
California and southern Oregon using allozyme data. Five population clusters were discerned,

I with the most distinct cluster containing samples from the Sacramento-San Joaquin basins.
However, although allozyme data have been successfully used to discriminate chinook salmon
populations on a large scale, they cannot discriminate temporal runs within a system.

I Geneticists at the University of California, Davis, Bodega Marine Laboratory (BML) are analyzing
highly repetitive, highly polymorphic elements of nDNA for genetic differences that can

i discriminate the four runs of Central Valley chinook salmon. These elements, called
microsatellites, undergo evolutionary structural change at a very high rate. Because of this,
microsatellite markers hold the potential to reveal recent evolutionary changes that allozyme
data cannot. To date, more than 50 microsatellites have been isolated at BML. Five of theseI show for discrimination of salmon Ots-2, Ots-3, Ots-9, Ots-lO, and One-strong potential runs:
"/,3, The four Ots microsatellites were isolated from Central Valley chinook by BML; One-13 was
isolated from sockeye salmon at the U.S. Geological Survey (USGS) in Anchorage, Alaska.

I
An analysis tree, using a technique called an unweighted pair group method with arithmetic
averages (commonly referred to as UPGMA), of Ners (1978) genetic distance for these five

I microsatellites indicated that fall-run and late-fall run were most similar among the four Central
Valley chinook runs. Spring run chinook were next most closely related to fall- and late-fall runs.
Significant allele frequency differences between spring-run and fall- or late-fall run chinook were

i demonstrable at seven of ten statistical comparisons. Winter-run chinook were most distant
from the other three runs, showing significant allele frequency differences at 13 of 15 statistical
comparisons. The average proportion of genetic variation due to differences between

i populations over the five loci (F= = 0.084) represents considerable divergence among run types.
These results are consistent with the conclusion that significant levels of reproductive isolation
exist between winter run and the other three rLms of Central Valley chinook, and between spring
run and fall- and late-fall run chinook. In addition, using these same data, well defined

I differences between several spring run samples are discernable. Spring run from Mill and Deer
creeks appear to be homogeneous, whereas Butte Creek spring run is a distinct population. ¯
Section II1. Life-H=story
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Baseline samples for spring run chinook were collected from 1993 to 1997. Within any one
collection year sample size for the spring run baseline is low (Table 1). Also, many baseline
samples are from juveniles that are very likely spring run, but may confuse analysis because of
relatedness. These features highlight the preliminary nature of the analyses based on these
baselines.

Table 1. Bodega Marine Laboratory’s Spring-run Baseline Sources.

Sample Year Fish Life-stage of Number of
Location Sampled Samples Samples
Mill Creek 95 adults 15

96 juveniles 64

Deer Creek 93 adults 10
94 adults 2
94 juveniles 64
95 adults 29
96 adults 20
96 juveniles 223
97 adults 48

Big Chico Creek
95          adults         5

Butte Creek 94 adults 69
95 adults 5
94 juveniles 35
96 adults 50
96 juveniles 69
97 adults 48

The work being done at BML focuses on identification of winter-run chinook, and the available
data suggest that winter-run chinook can be identified to some level of reliability. However, BML
has characterized all four runs of Central Valley chinook to some degree using these five loci.
On this basis, although winter run show the best promise for discrimination, spring run are also
demonstrably different and can usually be separated based on microsatellite allele frequencies.
Geneticists at BML believe that this technique will be useful in separating spring run from other
runs (M. Banks pers. com.). They recently initiated a second study that focuses on spring run
genetic integrity, relationships between different spring-run populations, and comparisons to
other chinook runs in the Central Valley.

Study results (Hedgecock et al. 1995) showed a large genetic distance between winter-run and
fall- and spring-run samples. Significant allele frequency differences were also found between
the spring-run sample and each of the fall- and late-fall-run samples, and between the two fall-
run samples.

Nielsen (1995) also analyzed microsatellite nDNA to evaluate genetic variation in Central Valley
chinook salmon. Comparisons between springLrun chinook samples from Deer Creek (1993)
and Butte Creek (1994) showed s;gnificant differences, suggesting to Nielson possible
!ntrogression of spring- and fall-run chinook salmon in Butte Creek. However, as stated in
Section II1. Life-History
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Nielsen’s report, the Department had cautioned that the juvenile samplescollected from Butte
Creek in 1994 might include some fall-run fish. The dissimilarity of the spring-run populations in
Butte and Deer creeks, and the similarity of Butte Creek spring-run fish to fall-run chinook is
more likely explained by collection of a mixed sample of the two runs than by introgression
among runs in Butte Creek.

variation in spring run at three microsatellites, Ssa-4, Ssa-Nielsen (1997) investigated genetic
14, and Ssa-289. Spring-run chinook salmon used in this study were collected from Deer Creek
(1992 adults and juveniles, 1993 adults, 1994 juveniles) and Butte Creek (1993 juveniles
collected in 1994 but originally reported as adults, 1994 adults). An exclusive allele (Ssa-289)
found only in the 1993 Deer Creek spring-run chinook population was not found in the same
population in the 1994 sample. Some fish collected in Deer Creek in 1994 as "spring-run"
chinook were genetically most similar to the Coleman National Fish Hatchery (CNFH) fall-run
chinook. Also, a mtDNA haplotype associated with fall-run chinook appeared in 24% of the
individuals in the 1994 Deer Creek sample. This haplotype had not been observed in Deer
Creek spring run in previous years (1992-93). Nielsen stated that these results were
inconclusive, but that they suggested fall-run influence in the 1994 Deer Creek sample. Nielsen
further stated that the source of this influence is unclear.

To date Nielsen (pets. com.) has analyzed 138 spring-run chinook from Butte Creek (1993-96),
Deer Creek (1994 and 1996), and Mill Creek (1995-96) for seven microsatellite loci. Nielsen has
also analyzed 177 fall- and 18 winter-run chinook for comparison. Using these limited
preliminary data Nielsen (pets. com.) found that the allelic size distribution for fall-run chinook
encompasses the allelic size range for all other races at all seven loci examined. No diagnostic
alleles have yet been found that would al!ow unambiguous race discrimination. Analysis of
alletic frequency independence shows s~gnificant population genetic structural differences
separating fall-, winter-, and spring-run chinook. Initial preliminary analysis of Butte, Deer, and
Mill creeks show significant population differences in allelic frequencies by stream and year-
class tha~ suggest that populations in these streams are not identical and that significant year-to-
year varlet=on exists in these spawning populations.

N=elsen et el. (1994) presented the first published support for significant genetic separation
fall- and winter-run chinook salmon in the Central Valley. Differentiation amongamong spring-,

chinook spawning populations was possible based on haplotype frequency (analogous to allele
frequency) distributions. The levels of gene flow found among the temporal spawning runs
suggested recent evolutionary divergence (within the last 10,000 years) of the Central Valley
chinook into unique temporal runs. Overall mtDNA haplotype frequency analyses in Nielsen
(1997) similarly support significant genetic separation among the four chinook spawning runs.

Additional mtDNA research by Nielsen (1995) found no significant year-class structure in
haplotype frequencies of any chinook temporal runs in a diverse collection of chinook
populations in the Sacramento-San Joaquin basin. Eight mtDNA haplotypes were identified.
The consistency of haplotype frequencies over three years shows genetic stability in the four
temporal chinook runs in the Sacramento-San Joaquin basin. This stability supports a unique
evolutionary history for each chinook run. In these analyses, mtDNA haplotype frequencies for
Deer Creek spring-run chinook were different from all winter- and fall-runsignificantly
populations. In this study the proportion of genetic variation due to genetic differences between
runs (G,t) was 15.3% This value is relatively high, but comparable to estimates of

Section III. Life-History’
Section III. - Page 5

D--024960
D-024960



differentiation between runs of chinook salmon in other geographic regions using allozyme
data [see summary in Myers et al. (1998)].

Cramer and Demko (1997) speculated that Butte Creek spring-run chinook may be more similar
to Feather River Hatchery (FRH) fish than to spring-run chinook from Mill and Deer creeks.
However, this is not supported by available, although preliminary, genetics data. Preliminary
microsattelite data (M. Banks pers. com.) separates FRH chinook salmon from all other runs
including Butte, Mill, and Deer creek spring-run chinook. Nei’s (1978) index of genetic similarity
placed FRH chinook between fall- and spring-run chinook salmon, as expected if introgression
had occurred in this population. Based on these data, FRH chinook are likely introgressed fall-
and spring-run chinook. The suggestion that Butte Creek spring-run chinook may be more
similar to FRH fish is not supported by the data, but genetic separation of Butte Creek from Mill
and Deer creek samples is evident. However, unambiguous genetic evidence of introgression
as its cause is lacking.

In summary, while current genetics information is not abundant, and often it is preliminary, the
information supports the finding that spring-run chinook salmon comprise a distinct interbreeding
population segment of Central Valley chinook salmon. Although the definition of the genetic
constitution of spring-run chinook may depend on location and year of collection (J. Nielsen
pers. com.), spring-run chinook show consistent moderate genetic differences from other runs of
Central Valley chinook. They are genetically distinguishable and separable from other races of
Central Valley chinook using mtDNA and nDNA analyses. The data demonstrate that spring-run
¯ chinook populations in Mill and Deer creeks are more similar to each other than to those in Butte
Creek. However, all three of these populations are distinguishable from winter-run, late-fall, and
fall-run populations. Genetic separation is demonstrable on the basis of differences in allele and
haplotype frequencies. No alleles or haplotypes unique to spring run have yet been found.
Work is currently underway to more fully characterize spring-run chinook genetics.

There is only a small amount of information with which to evaluate the relationship of relict
spring-run populations in the Sacramento River tributaries with those in the mainstem
Sacramento River and the Feather River. There is no genetic analysis that includes samples
from the Yuba River and several other tributaries with non-persistent spring-run occurrence.
Therefore, conclusions based on the genetic relationships of these populations are not possible.
Current work may shed light on these relationships.

Unique Species Characteristics

Adult Upstream Migration and SDawnin~
It is estimated that adult Sacramento River spring-run chinook salmon leave the ocean to begin
their upstream migration in late January to early February based on time of entry to natal
tributaries. Spring-run chinook are sexually immature when they enter freshwater, their gonads
maturing over the summer holding period (Marcotte 1984). Adult chinook salmon do not feed
upon entering freshwater. Stored body fat reserves are used for maintenance and for gonadal
development.

Adults enter their natal tributaries from mid-February through July with upstream migration
peaking in May. The most thorough historic records of timing of spring-run migration and
spawning are contained in Livingston Stone’s reports to the U.S. Fish Commissioners of
operations at Baird Hatchery on the McCIoud River (Stone 1893, 1895, 1896a, 1896b, 1896c,
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Adult Spring-run Chinook Salmon
Timing of Upstream Migration
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Figure 1. Present timing of spring-run chinook salmon migration past RBDD using a composite of data from 1970-1988 compared to
the historical distribution based on a composite of data from Mill and Deer creeks, Feather River, and the upper Sacramento River
prior to the construction of Shasta Dam.



ii
i! appear to be in a smolting condition (i.e., a slimmer fish as indicated by a decreasingcondition

factor and fading of parr marks). In some years, under certain flow and/or water temperature
conditions, juveniles in Mill and Deer creeks may outmigrate as fry and fingerling beginning soon[]
after emergence.

The bulk of the production in Butte and Big Chico creeks emigrate from their natal tributaries as
I fry in December and January. Some rear emigratein the stream and as fingerlings from

February through May. A few juveniles rear in these two creeks through the summer months
(Brown 1995), with yearling emigration starting in October, peaking in November-December, and

I generally ending in February.

Delta and Ocean Entry of Juveniles

I Depending on flow conditions in their natal streams and within the Sacramento River, yearlings
can enter the Delta as early as October and as late as March or April based on emigration
patterns from natal tributaries (CDFG monitoring data for Mill, Deer, Butte, and Big Chico creeks

I from 1994-96). Fry and fingerling can enter the Delta as early as January and as late as June.
; Their length of residency within the Delta is unknown but probably lessens as the season
~ progresses into the late spring months~

I Ocean Distribution
: Sacramento River spring-run chinook salmon are reported to be distributed primarily between

Point Arena and Morro Bay along the coast of California (Figure 2), where they feed, grow, and
I mingle with other chinook salmon populations that include Central Valley fall-run and winter-run

chinook salmon.

I Sex and Age Structure of the Population
Fisher (1994) reported that 87% of spring-run adults are three-years-old based on observations
of adult chinook salmon trapped and examined at Red Bluff Diversion Dam (RBDD) between

i 1985-1991. Categorization of adults as spring run was based on coloring and degree of sexual
maturity, which is an imperfect method for differentiating winter run from spring run early in the
season and spring run from fall run late in the season. Further, the data may include unmarked

i FRH spr~ng run straying to the upper Sacramento River.

A survey of Deer Creek from 1992 through 1996 indicated that the percentage of two-year-old
fish (based on size) ranged from 3% to 14% with a median value of 4% (CDFG 1996). No

I attempt was made to refine the age distribution of these fish further.

Fecundity

I The fecundity for wild spring run was developed by using a geometric mean (GM) regression
(Ricker 1973) by regressing fecundity on length for all Sacramento River chinook runs (Figure
3). Data to develop the function came from McGregor (1923), Hanson (1940), Warner (1940),

I Tehama Colusa Fish Facility, and CNFH winter-run reports. The resultant GM functional
equation of fecundity for an adult female at a given fork length is:

i number of eggs = -6800.73 + 153.7804 x FL (cm), (r2 = .70).

A fecundity for each female was calculated using the derived equation for fork lengths from 172
female carcasses from Mill and Deer creeks. The number of eggs-per-adult-female spring-runI chinook in Mill and Deer creeks, derived with the above formula, ranged from 1,350 toeggs
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THE OCEAN DISTRIBUTION OF SACRAMENTO SPRING RUN CHINOOK SALMON

ALONG THE COAST OF CALIFORNIA
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Figure 2. Distribution of Sacramento River spring run in the Pacific Ocean off the coast of I
California.
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12,000

Figure 3. A geometric mean regression of number of eggs on fork length for chinook salmon from the Sacramento River
drainage. Data from Hanson et al. (1940), McGregor (1923), Warner (1940), the Tehama-Colusa Fish Facility, and
Coleman National Fish Hatchery.



!
7,193 eggs, with a weighted average of 4,161 eggs (Table 3). The fork lengths of the adult             I
female spring-run chinook ranged from 53 cm and 91 cm. This is comparable to the fecundity of
spring-run salmon taken at Baird Hatchery on the McCIoud River using the number of females
spawned and total egg take. Eggs-per-adult-female ranged from 3,400 to 5,000 and averaged          I
4,200 eggs (Table 4).

!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Table 3. Fork Lengths and Calculated Fecundity of Spring-run Chinook
Salmon in Mill and Deer Creeks 1991 through 1996.

Fork Length Frequency of Calculated
(cm) Observance Fecundity
53 1 1350
54 0 0
55 1 1657
56 1 1811
57 0 0
58 1 2119
59 0 0
60 1 2426
61 6 2580
62 1 2734
63 5 2887
64 4 3041
65 4 3195
66 11 3349
67 10 3503
68 9 3656
69 10 3810
70 27 3954
71 8 4118
72 5 4271
73 7 4425
74 8 4579
75 5 4733
76 13 4887
7T 8 5040
78 5 5194
79 3 5348
8O 5 5502
8~ 2 5655
82 0 0
83 2 5963
84 3 6117
85 4 6271
8~ 0 0
87 2 6578
88 0 0
89 0 0

0 09O
91 1 7193
92 0 0
93 0 O
94 0 0
95 0 0

Calculated by the E0uat~on: Fecundity = -6800.73 + 153.78 x fork length;
minimum eggs/femai~ = 1.350; maximum eggs/female = 7,193; weighted average
eggs/female = 4,161
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4. Spring-run Chinook Salmon Egg Records at Baird Hatchery

YEAR EGGS FEMALES FECUNDITY

1877 6,008,500 1,460 4,115
1878 12,246,000 3,600 3,402
1879 6,889,859 1,620 4,253
1880 7,396,800 2,144 3,450
1881 7,270,000 1,729 4,205
1882 3,991,150 999 3,995
1883 940,750 287 3,278
1889 1,105,000 252 4,385
1891 3,026,000 678 4,463
1892 834,000 220 3,791
1894 3,294,300 816 4,037
1895 7,678,700 1,497 5,129
1896 5,196,700 1,063 4,889
1897 7,000,000 1,555 4,502
1898 13,445,810 2,878 4,672
1899 6,228,340 1,272 4.896
1900 2,021,000 520 3.887
1901 7.375,520 2,103 3,507

Total 101~948~429 24~693 74T856
4,159

Mean Over
Years

!
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Adult Migration

Freshwater habitat requirements of spring-run vary age,chinook salmon with life-historyphase,
and season of the year. Maturing adults are estimated to leave the ocean and begin their
upstream migration through the Delta beginning in January. Adult entr)/into natal streams
extends from mid-February through July. Throughout this upstream m=gration phase, adults
require streamflows sufficient to provide olfactory and other orientation cues used to locate their
natal streams. Adequate streamflows are also necessary to allow adult passage to upstream
holding habitat. The preferred temperature range for spring-run chinook salmon upstream
migration is 38°F to 56°F (Bell 1991).

Adult Holding

Habitat requirements for holding adults include: (1) pools sufficiently deep to allow adults to
over-summer; (2) adequate cover, such as bubble curtains created by flowing water; (3)
proximity to quality spawning gravel (USFWS 1995a); and (4) adequate water temperatures and
dissolved oxygen.

Immature adult spring run reach their spawning habitat, then stage for several months before
spawning. Adults require cold-water refuges such as deep pools to conserve energy for gamete
production, redd construction, spawning, and redd guarding. The u~per limit of the optimal
temperature range for adults holding while eggs are maturing is 59 F to 60°F (Hinz 1959).
Sustained water temperatures above 80.6°F are lethal to adults (Cramer and Hammack 1952).

Adults prefer to hold in deep pools with moderate water velocities and bedrock substrate and
avoid cobble, gravel, sand, and especially silt substrate in pools (Sato and Moyle 1989). Optimal
water velocities for adult chinook salmon range between 0.5-1.3 feet-per-second (Marcotte
1984). The pools usually have a large bubble curtain at the head, underwater rocky ledges, and
shade cover throughout the day (Ekman 1987)~ The pools where adults over-summer are at
least three to ten feet deep (G. Sato unpublished data, Marcotte 1984).

Adult Spawning

Spawning occurs in gravel beds that are often located at tails of holding pools (USFWS 1995a).
Spring-run adults have been observed spawning in water depths of 0.8 feet or more, and water
velocities from 1.2-3.5 feet-per-second (Puckett and Hinton 1974). Eggs are deposited within
the gravel where incubation, hatching, and subsequent emergence takes place. Optimum
substrate for embryos is a mixture of gravel and cobble with a mean diameter of one to four
inches with less than 5% fines, which are less than or equal to 0.3 inches in diameter (Platts et
al. 1979, Reiser and Bjornn 1979). The upper preferred water temperature for spawning adult
chinook salmon is 55°F (Chambers 1956) to 57°F (Reiser and Bjornn 1979).

Egg and Larvae Incubation

Length of time required for the egg to develop and hatch is dependant on water temperature.
The optimum temperature range for chinook salmon egg incubation is 44°F to 54°F (Rich 1997).
Incubating eggs show reduced egg viability and increased mortality at temperatures greater than
58°F and show 100% mortality for temperatures greater than 63°F (Velson 1987). Velson
(1987) and Beacham and Murray (1990) found that developing chinook salmon embryos
exposed to water temperatures of 35°F or less before the eyed stage experienced 100%
mortality.

From the time of egg fertilization a cumulative total of 1550 temperature units (the sum of the
average daily temperatures minus 32) are required for an egg to hatch and fry to emerge (Armor
1991). Salmon eggs hatch in 50 days when incubated at 50°,F but require over 110 days at
40°F. After hatching, larval salmon remain in the gravel, living on yolk sac reserves.

Section IV Habitat Necessar~ for Survival
Section IV. Page 1

D--024970
D-024970



The length of residency as yolk sac fry is also influenced by water temperature. Emergence and
subsequent free living generally occurs after the yolk sac is absorbed.

Fry Emergence

The strong influence of water temperature greatly increases the variations observed in juvenile
spring-run chinook salmon life-history patterns from different drainages. Calculated fry
emergence time in Deer Creek for the period 1993-96 ranged from early January through late
February (Table 5). Actual emergence times based on field surveys during this same period ’
ranged from January through March (four to six months after spawning). Within Butte and Big
Chico creeks, juvenile salmon first appear in late November, some three months after the onset
of spawning.

Table 5. Actual Emergence of Fry in Deer Creek with the Calculated Emergence
from First Observed Spawning Based on Temperature Units.

Brood Year

1993 1994 1995 1996

Actual Early March Mid March Early January no fish
Emergence observed

Calculated Mid-February Mid-February Early January Late January
Emergence

Newly emerged fry congregate in shallow, low velocity edgewater, especially in areas where
organic debris provides a background that makes juveniles difficult to see (Moyle unpublished
data: as cited in USFWS 1995a). Juveniles prefer water velocities between 1-1.8 feet-per-
second, depths greater than 0.9 feet, and gravel substrate for rearing (Bovee 1978). Optimal
temperature conditions for fry are slightly higher than for eggs and larvae, from 50°F to 55°F
(Boles et al. 1988, Rich 1997, Seymour 1956).

Juvenile Rearing and Emigration

Juvenile spring-run chinook salmon use natal tributary rearing habitat, the Sacramento River,
nonnatal tributaries to the Sacramento River, and the Delta. Juveniles may exit their natal
tributaries soon after emergence while some remain throughout the summer and exit the
following fall as "yearlings" usually with the onset of storms starting in October. Yearling
emigration from the tributaries may continue through the following March with peak movement
usually occurring in November-December.

Juvenile spring run rear in nonnatal tributaries to the Sacramento River including the lower
reaches of small, intermittent streams. Habitat requirements are the same as for natal tributaries
and the mainstem Sacramento River. Juveniles have been located as far as five miles upstream
in these tributaries and can remain for weeks until rearing habitat conditions deteriorate (spring
flows diminish and water temperatures increase) (Maslin et al. 1997).

Habitat for juvenile rearing must provide adequate space, cover, and food supply. Fry use low
velocity areas at the stream margin and where substrate irregularities and other instream habitat
features create velocity breaks. As juveniles grow, they move away from the shoreline into
higher velocity areas, especially for feeding. Optimal temperatures for fingerlings range
between 55°F and 60°F. Dissolved oxygen levels greater than 7 mg/I are required (Rich 1997).

Suitable habitat includes abundant instream and overhead cover (e.g. undercut banks,
submergent and emergent vegetation, logs, roots, other woody debris, and dense overhead
vegetation) that provides refuge from predators. A sustained abundant supply of invertebrate
forage production is required.

Section IV. Hab=tat Necessary for Survival
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Emigration of juvenile salmon alternates between active movement, resting, and feeding. Thus,
quality freshwater and brackish resting and feeding habitat is essential for migrating juveniles.
Juvenile salmon may rear for up to several months within the Delta before ocean entry (Kjelson
et al. 1981).

Juvenile rearing within the Sacramento-San Joaquin Bay-Delta Estuary occurs mostly in
freshwater habitat. Juveniles typically do not move into brackish water until they have
undergone smoltification (Kjelson et al. 1981, 1982). Sasaki (1966) found that chironomid larvae
were important food items for juveniles in the upstream areas of the Delta, whereas Neomysis
and Corophium were important in the lower Delta. Kjelson et. al, (1982) instead found
Cladocera, Copepoda, and Diptera to be the most important food items for juveniles in both the
upper and lower estuary.

Juveniles undergo physiological transformations (smoltification) that prepare them for the
transition to saline water (Hoar 1976). These transformations include changed swimming
behavior and proficiency, lower swimming stamina, and increased buoyancy that also make the
fish more likely to be passively transported by currents (Saunders 1965, Folmar and Dickhoff
1980, Smith 1982). In general, smoltification is timed to be completed as fish are near the fresh
water-salt water transition. Too long a migration delay after the process begins is believed to
cause the fish to miss the "biological window" of optimal physiological condition for the transition
(Waiters et al. 1978). The optimal thermal range during smoltification and seaward migration is
50°F to 55°F (Rich 1997).

!
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V. RANGE AND DISTRIBUTION

The following is a summary of information on historic and current range and distribution of
spring-run chinook salmon in the Sacramento River system. For further information, Stone
(1874), Clark (1929), and Yoshiyama et al. (1996) provide more detailed descriptions of the
histodc range and distribution of spring-run chinook salmon. These and numerous other
accounts provide a detailed history of habitat destruction and modification throughout
California’s Central Valley which accounts for the present-day limits of the spring-run chinook
salmon’s remnant range and distribution.

Historic Range and Distribution

Spring-run chinook salmon populations once occupied the headwaters of all major river systems
in California’s Central Valley where were (Figurenatural barriers absent 4) (Clark 929,
Yoshiyama et al. 1998).

Clark (1929) estimated that originally there were 6,000 miles of salmon habitat in the Central
Valley system and that 80% of this habitat had been lost by 1928. Much of this was spring-run
headwater habitat. Yoshiyama et al. (1996) calculates roughly 2,000 miles of salmon habitat
were actually available before dam construction and mining, but concludes that 82% of what was
there is lost today. Clark (1929) did not give details about his calculation. Whether Clark’s or
Yoshiyama’s calculation is used, little remains today of the former spring-run habitat.

Sacramento River and Tributaries above Shasta Dam
Spnng-run chinook salmon once ascended the Sacramento River to its headwaters and
tributaries (the Pit, McCIoud. and Little Sacramento rivers) where chinook salmon habitat
conditions characterized "ideal" by Clark (1929). Spring-run salmon spawning habitatwere as
was spatially isolated from fall-run chinook, although there was some overlap in spawning time.
Isolation from winter run was due to different spawning times (Hallock and Fisher 1985).

Upper (Little) Sacramento River Stone (1874) observed spring run at upper Soda Springs
which is above the falls at Sims. Once past these falls, spring run would have been able to
migrate upstream as far as the present-day Box Canyon Dam near the town of Mount Shasta
(Yoshiyama et at. 1996).

McCIoud Riven Spring run could have ascended the McCIoud River as far as Lower Falls, but
probably stopped at Big Springs (Wales 1939). Big Springs provided one-half of the flow as
measured at the mouth of the McCIoud River. Flows between Lower Falls and Big Springs
would have been adequate for adults to over-summer in low water-years (Yoshiyama et al.
1996).

Pit River. Spring run were able to ascend Pit River Falls and migrate to the Fall River
(Yoshiyama et al. 1996). Spring run used Hat Creek and Kosk Creek and one mile of Burney
Creek.

Sacramento River and Tributaries Below Shasta D~m
Historically spring-run chinook salmon did not use the mainstem Sacramento River below the
site of Shasta Dam, except as a migratory route to and from headwater streams.
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SPRING-RUN CHINOOK SALMON IN THE CENTRAL VALLEY OF CALIFORNIA

Historical Range and Distribution I
¯
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Figure 4. Historic range and distribution of spring-run chinook salmon in ~
the Central Valley of California.
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Clear Creek: Spring-run chinook could have historically migrated to the uppermost reaches of
Clear Creek above the town of French Gulch (Figure 5) (Yoshiyama et al. 1996). Although there
is no documentation of spring run being in this area, spring run would have had to migrate to this
elevation to find water cool enough to over-summer. In 1956, Azevedo and Parkhurst (1958)
saw spdng run in Clear Creek for the first time since 1949. Passage to the upper watershed was
severely impaired by the construction of McCormick-Saeltzer Dam around the turn of the
century, then permanently blocked by the construction of Whiskeytown Dam in 1964.

Cottonwood Creek: Spring run are known to have migrated to the headwaters of the Middle
Fork and into Beegum Creek and South Fork above Maple Gulch (Figure 6). Yoshiyama et al.
(1996) and Hanson et al. (1940) did not mention salmon using the North Fork. Even in the
1940s, Cottonwood Creek was noted as having poor habitat conditions with the exception of
Beegum Creek (Hanson et al. 1940).

Battle Creek: Spring run were thought to have used the North Fork up to near the town of
Manton and the South Fork to a falls near the Highway 36 crossing (Figure 7) (Hanson et al.
1940). Starting in 1900, Pacific Gas and Electric (PC&E) built a series of dams and power
plants on Battle Creek. Clark (1929) indicated that some of the ladders at these facilities were
inoperable at low flows and that sections of the stream were dewatered,

Antelope Creek: Historically, spring run were thought to ascend the North and South Forks to
the vicinity of the Ponderosa Road crossings (Figure 8) (Yoshiyama et al. 1996), although there
is no documentation of this. Spring run were observed as far upstream as McClure Place on the
North Fork and reported as far upstream as Buck’s Flat on the South Fork (Hayes and Lingquist
1966).

Mill Creek. The h~storic range and distribution of spring-run chinook salmon in Mill Creek is the
same as it is today (Figure 9). Adults migrate upstream and hold in a 20-mile reach from
approximately the Lassen Nationai Park boundary downstream to the confluence of Little Mill
Creek.

Deer Creek. The historic range and distribution of spring-run chinook salmon in Deer Creek was
less than it is today (Figure 10). Fish held in a 16-mile reach from Dillon Cove upstream to
Lower Deer Creek Falls. In 1943, a fish ladder was constructed around the falls, providing
access to an additional six miles of adult holding and spawning habitat.

Stony Creek: Historically, spawning runs of fall- and spring-run chinook salmon occurred in the
Stony Creek watershed above the present dams and the reservoirs to the confluence of Stony
Creek and Little Stony Creek, approximately five miles below the town of Stonyford (Clark 1929,
Yoshiyama et al. 1996).

Big Chico Creek: Historic spring-run habitat within the creek extended beyond Iron Canyon
(Figure 11) (CDFG 1958). Access was blocked by large boulders dislodged during the 1906
earthquake and was restored in 1958 with the construction of a series of small fish ladders. The
holding area is in the reach upstream of Iron Canyon to Higgins Hole. Higgins Hole is the
primary adult holding area. Under certain water flows, fish were able to ascend Higgins Hole
falls and proceed upstream approximately 1.5-2 miles until encountering an impassable barrier
(VVhite 1958).

Butte Creek: Clark (1929) provides the only known early record of the range of spring run in.
Butte Creek, altr~ough he probably incorrectly/refers to them as fall run. Various sources
Section V. Range an~ D~stribubon
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suggest that salmon and steelhead may have reached Butte Meadows (Figure 12). However, a
recent review suggests that the upper limit for spring-run salmon was most likely in the vicinity of
PG&E’s Centerville Head Dam (Holtgrieve and Holtgrieve 1995). Holtgrieve. and Holtgrieve
referenced observations 15y a local resident that there were thousands of salmon in the Quartz
Bowl, a large pool about one-half mite above Chimney Rock, which had a 15-foot high barrier
that was the upper limit of distribution. The barrier was dynamited sometime in the 1930s, which
allowed passage to the Centerville Head surveyDam. The field byHoltgrieve and Holtgrieve -
(1995) found additional impassable natural barriers just upstream of the Centerville Head Dam,
further substantiating the conclusion that spring-run salmon probably did not exist in the reach
above the Head Dam, and certainly did not migrate as far as Butte Meadows.

Feather River: Spring-run salmon were reported to have ascended to the very highest streams
and headwaters of the Feather River watershed (Figure 13) prior to the construction of the
various hydropower dams and diversions (Clark 1929). Spring run were reported to have
occurred in the West Branch at least to the site of Stifling City, and the North Fork through the
present-day site of Lake Almanor into various tributaries, including the Hamilton Branch.
Additionally, spring run were known to have ascended Indian Creek, a tributary of the East
Branch of the North Fork, and reportedly Yellow and Spanish creeks, two other tributaries of the
North Fork. In the Middle Fork, spring-run salmon were reported to have occurred as far as the

falls Bald Rock, and to Feather Falls located on Fall River, anatural barrier at potentially
tributary to the Middle Fork Spring run may have ascended to the vicinity of Forbestown on the
South Fork (Yoshiyama et al. 1996). Between the installation of the small hydropower dams and
the construction of Oroville Dam, naturally occurring spring run in the Feather River were
described as primarily spawning in the Middle Fork, although small numbers of fish were
occasionally found in the North Fork (Hanson et al. 1940).

Between tr~e time of the instahat~on of the early hydropower diversions and Oroville Dam, spring
run were restricted to areas which were also within the range of fall-run chinook salmon,
particularly the North Fork an~ tt~e Middle Fork. Comments included in the Department’s annual
chinook salmon spawning stock surveys as early as 1958 (CDFG 1959), prior to construction of
Oroville Dam, indicated that fall- and spring-run spawners were often not separated, even in the
Middle Fork.

Yuba River, Spring run h~stor~cally occurred in the Yuba River, which is the largest tributary to
the Feather River (Figure 14) In the North Fork, salmon were caught by PG&E workers in the
Bullards Bar area in 1898-1911 (Coleman 1952: as cited in Yoshiyama et al. 1996). There are
no barriers above the Bullards Bar area, and salmon were presumably able to ascend a
considerable distance up the North Fork (Yoshiyama et al. 1996). The California Fish
Commission (1875: as cited in Yoshiyama et al. 1996) indicated that in 1850 and 1851, large
numbers of salmon were taken by miners and Native Americans as far upstream as Downieville
on the North Fork Yuba R~ve: There are no natural barriers from Downieville upstream to Sierra
City, where Salmon Creek enters. Thus, salmon were most likely able to ascend this reach of
the river (Yoshiyama et al. 1996). Except for a 10-foot falls in the lower reach of the Middle Fork
Yuba River, there are no significant natural barriers and salmon would have had access to a
considerable reach of the Middle Fork (Yoshiyama et al. 1996). Salmon were observed in the
lower reach the Middle Fork during a Department survey in 1938 (CDFG unpublished data).of
Little is known of the original d=stribution of salmon in the South Fork.

Salmon were observed within on~ o two miles upstream of the mouth of the South Fork (CDFG
unpublished data). A cascade with a 12-foot drop below the juncture of Humbug Creek may
have posed a significant obstruction, but was not a complete barrier (Stanley and Holbek 1984:
Section V Range and D~str~but~on
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cited in et al. 1996). Steelhead were known to have ascended above this areaYoshiyamaas
and as far up the South Fork as Poorman Creek near the town of Washington (CDFG
unpublished data). Salmon have ascended similar cascading falls on other.streams.

Blockage of spring run to their historic range occurred with the construction of Barder No. 1
Debris Dam in 1904-05 until it was destroyed by floods in 1907. Daguerre Point Dam was

Fish ladders installed at the dam which were ineffective except duringcompleted in 1906. were
high flows. These ladders were destroyed in the floods of 1927-28 and were not rebuilt until
1938. They were generally ineffective in passing fish. In 1941, Englebright Dam was
constructed approximately 12 miles upstream from Daguerre Point Dam. The ladders over
Daguerre Point Dam were modified in 1950, allowing substantial passage of salmon. However,
Englebright Dam still blocked passage to their historic adult holding and spawning habitat.

American River: Spring run ascended the North Fork at least to Mumford Bar (Beals 1933: as
cited in Yoshiyama et al. 1996). Spring run were able to ascend the Middle Fork to its
confluence with the Rubicon River and the South Fork to Eagle Rock about 12 miles
downstream the from village of Strawberry. Following years of problems with ineffective or
absent fish ladders at the historic Folsom Dam, upstream access was completely blocked when
the new, present-day Folsom and Nimbus dams were constructed. Spring run no longer exist in
the American River.

Mokelumne River:. Before the construction of Pardee Dam in 1929, spring run were thought to
have migrated to the site of the Electra Powerhouse (Yoshiyama et al. 1996). Spring run no
longer exist in the Mokelumne River

Stanislaus River:. An account by Yoshiyama et al. (1996) places spring run in the Stanislaus
River n~storically. Spring run may have ascended the North Fork to the confluence of Griswold
Creek. Salmon were thought to ascend the Middle Fork to the site of Beardsley Reservoir.
Salmon were not thought to inhabit the South Ferk. Spring run no longer exist in the Stanislaus
River.

Tuolurnne River:. Spring run were thought to ascend the Tuolumne River to Preston Falls near
the Yosemite National Park 50 miles of New Don Pedro Damboundary, approximately upstream
(Yoshiyama et,al. 1996). The Clavey River, the South Fork, and Middle Fork have obstructions
a short distance upstream of their confluences and are not thought to have contained salmon
(Ford: as cited in Yoshiyama et al. 1996). Spring run no longer exist in the Tuolumne River.

Merced Rivet:. Spring run may have ascended the Merced River near El Portal (Yoshiyama et
al. 1996). Yoshiyama et al~ (1996) give an account that spring run probably never reached
Yosemite Valley. Salmon were thought to enter the South Fork to the vicinity of Peach Tree Bar
where there is a falls ( Bartholomew: as cited in Yoshiyama et al. 1996). The North Fork
probably did not contain many salmon because of its low elevation and a falls one mile upstream
of the mouth which prevented migration of salmon (Vestal: as cited in Yoshiyama et al. 1996).
Spring run no longer exist in the Merced River.

San Joaquin River: Yoshiyama et al. (1996) indicate spring run may have migrated to a point
immediately below Mammoth Pool Reservoir, although an obstruction near Redinger Lake may
have been a barrier to spring run (Vestal: as cited in Yoshiyama et al. 1996). Vestal indicated
that salmon migrated Free Gold Creek approximately six miles and Cottonwood Creek atup up
least two miles. There is evidence that spring run used Willow Creek, but it is not known how far
they ascended. Spring run no longer exist in the San Joaquin River.
Section V Range and D~stribut~or:.
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Kings Rivet:. There is strong evidence that spring-run chinook salmon occurred in the Kings
River even though the Kings River is not part of the San Joaquin drainage. The Kings River
once flowed into Tulare Lake, which in wet years flowed into the San Joaquin River. The
following is from Yoshiyama et al. (1996). Most of the salmon migration occurred as far
upstream as the North Fork, about 12 miles above the present extent of Pine Flat Reservoir.
Some salmon may have reached Cedar Grove approximately 28 miles above Pine Flat
Reservoir. The North Fork Kings River is very steep a short distance above its mouth and
probably did not support very many fish (Bartholomew: as cited in Yoshiyama et al. 1996).
Spring run no longer exist in the Kings River.

Present Range and Distribution

Most of the former spring-run habitat has been eliminated by water aevelopment and dams that
prevent adult access to headwater areas. Present range and distribution is restricted to the
Sacramento River below Keswick Dam and some of its tributaries (Figure 15). Spring-run
chinook salmon no longer exist in the San Joaquin River or any of its tributaries, nor in the
American River. Mill, Deer, and Butte creeks consistently support spawning populations of
spring-run chinook salmon. Several other tributaries occasionally have spring run present or
have recently supported small numbers of them. These tributaries include Big Chico, Antelope,
and Beegum creeks. There may be some spring run in the Feather River, but these fish. for the
most part, have hybridized with fall run. A counting station, operated on Battle Creek in 1995,
1996, and 1997, estimated a run of 50 to 100 salmon was present. The status of spring run in
the Yuba River is largely unknown, but a few spring run may persist. A small population of
spring-run salmon may persist in the upper Sacramento River above RBDD although there is
question as to the genetic integrity of these fish.

Sacramento River and tributaries below Shasta Dam
Sacramento River mainstem: Some spring-run chinook salmon may persist between RBDD
and Keswick Dam in the Sacramento River, although there is evidence that a portion of the
spring run estimated to have passed upstream of RBDD are hybrids of spring run and fall run
(Figure 16). The physical environment below Keswick Dam is adequate for spring run; however
in some years high water temperature would prevent egg and embryo survival (USFWS 1990).
Even though there is physical habitat available to spring run, spring run depend on spatial
isolation to prevent competition and hybridization with fall run. The onset of fall-run spawning
occurs simultaneously with the termination of spring-run spawning. This overlap in spawning
periods may be evidence of introgression already occurring between the two runs. Also, since
fall run use the same spawning riffles as spring run, later spawners may be displacing the redds
of earlier spawners during nest construction. Under the current conditions in the Sacramento
River, it appears that spring run are not thriving. Redd surveys of the spawning habitat in the
mainstem have found little spawning in August or September when spring-run salmon
historically spawned (Table 6). The spring run that was observed by Moffett (1947) and to some
extent Slater (1963) is, for the most part, no longer found.

Clear Creek: There are no spring run currently in Clear Creek (Figure 5). Habitat in Clear
Creek has the potential to support spring run if passage problems at McCormick-Saeltzer Dam
are corrected so that adults can ascend to habitat below Whiskeytown Dam. Operation of
Whiskeytown Dam can produce suitable cold-water habitat downstream to Placer Road Bridge,
depending on the flow releases.

Section V. Range and Distribution
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I        Figure 15, Present range an~ d~stribution of spring-run chinook salmon in the Central Valley of

California
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Figure’ 16. The Sacramento River, California. I
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Table 6. Redds Counted Using Aircraft from 1983 through 1997. Reach Surveyed Principally from Red Bluff Diversion Dam to
Keswick Dam. Each Count Represents Fresh Redds. Blank Cells Indicate No Survey Conducted. Zero Indicates a
Survey Was Done But No Fresh Redds Observed. The August and Early September Spawning of Spring-run Chinook
Salmon Noted by Livingston Stone is Sparso to Absent.

NUMBER OF REDDS OBSERVED
Week 1983 1985 1985 1986 1987 1988 1989 19q0 1991 1992 1993 1994 1995 1996 1997
13 Aug 0 0
20 Aug 20 1 0
27 Aug 2 0 0
3 Sep 0 0 0
10 Sep ! 4 4 0 3 4 1 0 26
17 Sep 33 1£ 6 74
24 Sep 149 11 67 4 39 151

10~ 186 154 545 97 27 11 176 87 15 159

80~ 213 639 1352 c50 317 2076
150~ 1479 4918 1~22 776 761 745 ~
220~ 965 1246 1978 1054 2916 4866 1167 2948 875
290~ 5872 21!2 2262 1381 3475 2556 2005 2274

03

5 Nov 2282 2023 1018 03

12 Nov 2083 4528 2513 1747 ~"
17 Nov 3085 1297 2495 1382

24 Nov 5378 1006 111 1068



Cottonwood Creek: The Cottonwood Creek drainage still supports a few spring run (Figure 6).
However, in recent years salmon have been observed only in Beegum Creek. In 1995, eight
spring-run salmon were observed and in 1996 six salmon were observed. No fish were
observed in the South Fork.

Battle Creek: Currently the most suitable spring run holding and spawning habitat is restricted
to the North Fork between Wildcat Diversion upstream to Eagle Canyon Dam, a distance of
approximately three miles. Holding adult spring run have been observed in the mainstem of
Battle Creek below the confluence of the North Fork (Figure 7) (Croci 1996). The CNFH Fish
Barrier Dam has a functioning fish ladder that is left open April through June, the principal
spring-run migration period. In addition, the barrier dam becomes partially passable when flows
exceed approximately 350 cubic-feet-per-second (cfs) (USFWS 1995b). There is risk of
hybridization with fall run in this reach if flows are high enough to pass fall run. However,
hybridization is minimized by keeping the hatchery barrier dam closed during the fall-run
migration period (July to December).

Antelope Creek: Spring run are thought to ascend the North and South forks to the vicinity of
the Ponderosa Road crossings, as they did historically (Figure 8). Habitat surveys and water
temperature monitoring have identified only eight miles of Antelope Creek as having suitable
holding and spawning habitat for spring run: (1) in the North Fork from McClure Place to the
South Fork confluence; (2) in the South Fork from Round Mountain Creek to the North Fork
confluence; and (3) in the mainstem from the North and South Fork confluence to two miles
below Payne Place. During the years 1989-97, adult population counts have been made during
the month of July in the adult holding areas. Counts range from a low of zero in 1991, 1992, and
1994 to a high of seven fish in 1995.

Mill Creek: The present range and distribution of spring-run chinook salmon in Mill Creek is the
same as it was historically (Figure 9). Adults migrate upstream and hold in a 20-mile reach from
the Lassen National Park boundary downstream to the confluence of Little Mill Creek.

Deer Creek: The present range of spring run has been extended beyond the historic range
(Figure 10). In 1943, a fish ladder was constructed around the Lower Deer Creek Falls, which
opened up an additional six miles of spring-run chinook salmon holding and spawning habitat.
The present habitat is a 22-mile reach of stream extending from Dillon Cove upstream to Upper
Deer Creek Falls. Approximately 20% of the spawning now takes place in the six mile
extension. Although a fish ladder was also constructed around Upper Deer Creek Falls, the
ladder is managed to allow steelhead passage around the falls, but not spring-run chinook
salmon passage. This is because the habitat lacks large holding pools and would not sustain a
large population of holding salmon.

Stony Creek: Stony Creek no longer has spring-run chinook salmon. Upstream passage of
adults to the upper watershed was blocked by Stony Gorge Dam.

Big Chico Creek: The present range of spring-run chinook salmon in Big Chico Creek does not
differ substantially from its h~storic range, although access to this habitat is currently provided
under most flow conditions by a fish ladder located in Iron Canyon east of Chico (Figure 11).
Blockage of the historic habitat above Iron Canyon was believed to have occurred in 1906 as a
result of the San Francisco earthquake (CDFG 1958). The primary holding area is in the reach
upstream of Iron Canyon to Higgins Hole, with most fish holding in Higgins Hole. Under certain
water flows, fish were able to ascend Higgins Hole Falls and proceed upstream approximately

Section V. Range and Distribution
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1.5-2 miles until encountering an impassable barrier (White 1958), although there is no recent
observation of any fish ascending above Higgins Hole.

Butte Creek: The present range of spring-run chinook salmon in Butte creek does not differ
substantially from its historic range and is limited to the reach below the PG&E Centerville Head
Dam to as far downstream as the Parrott-Phelan Diversion (Figure 12) (Holtgrieve and
Holtgrieve 1995).

Feather River: Since the construction of Oroville Dam, spring-run salmon are now restricted to
the fish barrier dam Oroville, and essentially all are taken into FRHthe area downstreamof near

(Figure 13). Based on an assessment of FRH operations, the population within the Feather
River, while still called a spring run, is considered a hybrid of spring- and fall-run populations
(Brown and Greene 1993). Coded-wire-tagging (CWTing) of spring- and fall-run salmon at FRH
(Tables 7 and 8) indicates that in some years, more than 20% of the fish tagged as spring run
were subsequently identified as adults from fall-run and visa versa. A further discussion
regarding effects of hatchery operations can be found in this report’s discussion of competition
and hybrid{zation.

Table 7. The Disposition of Chinook Salmon Spawned, Tagged, and Released as Spring-
run Salmon from Feather River Fish Hatchery. Shaded Cells Indicate Years
When >20% of Returning Progeny from Adults Originally Spawned as Spring-run
were Subsequently Spawned as Fall-run.

Number of Number of Percent of Percent of
progeny progeny progeny progeny

subsequentty subsequently subsequently subsequently
spawned as spawned as spawned as spawned as

Year fall-run st~rin(~-run Total fall-run spring-run

1987 213 76 289 74% 26%

198~ 116 228 344 34% 66%

1989 414 106 147 28% 72%

1990 2 23 25 8% 92%

I
I
I
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I
Table 8. The Disposition of Chinook Salmon Spawned, Tagged, and Released as Fall-run

Chinook Salmon from Feather River Fish Hatchery, Shaded Cells Indicate Years
When >20% of Returning Progeny from Adults Originally Spawned as Fall-run
were Subsequently Spawned as Spring-run.

Ii Number of Number of Percent of Percent of I,
progeny progeny progeny progeny II

subsequently subsequently subsequently subsequentlYll
spawned as spawned as spawned as spawned ~s II

Year fall-run spring-run Total fall-run spdn~l-run II

1987 432 17 449 96% 4%

1990 481 111 592 81% 19%

1991 390 32 422 92% 8%

1992 355 68 423 84% 16%

1993 264 223 487 54% 46%

1994 343 197 540 64% 36%

Yuba River: Historic spring-run chinook salmon holding and spawning habitat was blocked by ¯
Englebright Dam (Figure 14). Spnng-run chinook satmon are still able to ascend the Yuba River
as far as Englebright Dam. However, following the termination of access to their historic holding
and rearing habitat, spring run now occupy the same area as fall-run salmon and introgressive II
hybridization has likely occurred.

Miscellaneous Tributaries to the Sacramento River: Rearing juvenile spring run use various        ¯
nonnatal tributaries to the Sacramento River, including the lower reaches of small, intermittent
streams. After exiting their natal stream, some juveniles ascend nonnatal tributaries and
continue rearing (Maslin et al. 1997), a behavior which has been observed in other river systems
as well (Murray and Rosenau 1989, Scrivener et al. 1994, and Williams 1987: as cited in Maslin Iet al. 1997). In tributaries of the Sacramento River that do not support an adult population of
spring-run chinook salmon, nonnatal rearing has been observed in Sulphur, Olney, Churn,
Stillwater, Bear, Inks, Reeds, Red Bank, Salt, Coyote, Oat, Dye, Elder, McClure, Thomes,
Toomes, Pine, Mud, and Stony creeks, as well as in Kusal Slough (Rock Creek) (Maslin et
a1.1997). Additionally, other tributaries which have not been documented as harboring nonnatal
rearing juveniles, but which are believed to provide acceptable conditions, include Jewett,
Dibble, Blue Tent, Sevenmile, Paynes, Spdng, Frazier, Anderson, Ash, Cow, Clover, and Middle
creeks (Maslin et a1.1997). Based upon observations of CWT juvenile winter-, fall-, and late-fall-
run chinook salmon, the variety of dates juveniles enter the tributaries, and the variety of sizes of ¯
juv.eniles present at any one date, some members of all four chinook salmon runs enter
tributaries for rearing (Maslin et al. 1997). Juveniles migrate upstream in these tributaries as far
as five miles and can remain until rearing habitat conditions deteriorate (diminishing spring flows
and increasing water temperatures). I
Section V. Range and Distribution                                                                                           II
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Sacramento-San Joaquin Delta; The Delta serves as juvenile spring-run rearing habitat and an
adult and juvenile migration corridor, connecting inland habitat to the ocean. One of the more
significant habitat alterations which has affected the range and distribution of Sacramento River
spring run within the Delta occurred in 1951 when the Federal Central Valle~ Project (CVP)
began operations of the Delta Cross Channel (DCC). The DCC is a gated canal structure which
diverts water and fish from the Sacramento River into the Mokelumne River drainage (Figure
17).
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Figure 17. The Sacramento/San Joaquin Bay-Delta Estuary, California. ~
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Vi. ABUNDANCE AND POPULATION TRENDS

Historic and Present Population Estimates

Spring-run chinook salmon was once the second most abundant race of salmon in California’s
with fall the most abundant, as it remains today. The CentralCentral Valley (Fisher 1994), run

Valley drainage as a whole is estimated to have supported spring-run chinook salmon runs as
large as 600,000 fish between the late 1880s and 1940s (Table 9, Figure 18). The gill-net
fishery, established around 1850 (Clark 1929), operated in the Sacramento-San Joaquin Delta.
Initially, the fishery targeted spring- and winter-run chinook salmon due to their fresh
appearance and excellent meat quality compared to that of fall run, which are in a more
advanced spawning condition upon return to freshwater (Stone 1874). Early gill-net landings
were reported in excess of 300,000 spring run (CFC 1882). Before the construction of Friant
Dam, nearly 50,000 adults were counted in the San Joaquin River (Table 10, Figure 19) (Fry
1961). This population of spring-run chinook salmon was extirpated after 1949 as a result of the
closure of Friant Dam.

Sacramento River and Tributaries above Shasta Dam
There are no precise estimates for the total number of spring run that migrated above the site of
Shasta Dam. Given that this portion of the watershed was a principal spawning area for
Sacramento River spring run. the numbers of spring run which returned to this area must have
been large.

Upper (Little) Sacramento Rivet’. Stone (1874) reported that in July 1871 "hundreds of
salmon, averaging 15 pounds apiece" were caught near Upper Soda Springs just downstream of
the town of Dunsmuir. In addition, native Wintu people were said to have fished for salmon in
July from a point one mile above the town of Dunsmuir downstream to a point five miles from
Dunsmuir (Voegelin 1942: as cited in Yoshiyama et al. 1996). Two to three hundred people
fished for two to three weeks, indicating a large run of salmon.

McCIoud River: When Stone (1876)was installing a weir at Baird Hatchery in 1874, he made
an observat=on that "tens of thousands, not to say hundreds of thousands which would perhaps
be nearer the truth" passed the weir while it was being installed and "thousands more" were
blocked after it was installed. Stone (1880) spawned 3,600 female salmon. Clark (1929)
reported that by 1928, the run was greatly depleted.

Pit River: There are no population estimates of spring run that ascended the Pit River.
et al. that the and extended at least to Pit RiverYoshiyama (1996) reported was large up

Falls. Hat Creek was also reported to once have had a large run of spring-run salmon.

Shasta Dam completely blocked access of spring run to the Upper Sacramento, McCloud, and
Pit rivers and their tributaries.

Sacramento River and Tributaries below ~hasta Dam
Sacramento River: Historically the Sacramento River downstream of Shasta Dam was used by
spring run only as a migration route to and from cooler tributary streams. After the construction
of Keswick Dam in May 1942, Moffett (1947) estimated that 25,000 spring run spawned in the
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Table 9. Historical Spring-run Chinook Salmon Abundance_ Early Estimates Derived from Annual Commercial Salmon Catch
Records. Present Abundance is the Sum of Individual Estimates for Mill, Deer, and Butte Creeks.

Year Index Citing , , Calculation Notes
1872 242,000 Clark, 1929, p 65 4000000 Ibs. * 0.544/18)0.5 .3ommercial salmon catch in Ibs.

~ve weight : (total Ibs * %SR by
veight / avg wt)l harvest rate 11

1873
1874 247,000 Clark, 1929, p 65 4079025 Ibs * 0544/18)10 5 .~ommercial salmon catch in Ibs.

lye weight
1875 308,000 Clark, 1929, p 65 5098781 Ibs. * 0.544118)10.5 :,ommercial salmon catch in Ibs

~ve weight

1876 321.000 Clark, 1929, p 65 5311423 Ibs * 0.544118)/0 5 .3ommercial salmon catch in Ibs.
~ve weight

1877 392,000 Clark, 1929, p 65 6493563 Ibs * 0.544/18)/0 5 .~ommercial salmon catch in Ibs
~ve weight

03 1878 394,000 Clark, 1929, p 65 6520768 Ibs * 0.544/18)/0.5 .3ommercial salmon catch in Ibs.
~ =ve weight

O 1879 268,000 Clark, 1929, p 65 4432250 Ibs * 0.544/18)10.5 3ommercial salmon catch in Ibs.
~ ive weight
~ 1880 604,000 Clark, 1929, p 65 10837400 Ibs * 0.502/18)/0.5 .3ommercial salmon catch in Ibs.

, ive weight (%SR by weight
"0 ;hanged to .502)
I~ ’
~ 1881 536,000 Clark, 1929, p. 65 9605000 Ibs. * 0.502/18)/0.5 3ommercial salmon catch in Ibs.
¯ ive weight
PO

1882 536,000 ""~;lark, 1929, p. 65’ 9605280 Ibs. " 0.502118)/0.5 .3ommercial salmon catch in Ibs.
ive weight

1883 535,000 Fish Comm, 1884. p 4 9585672 Ibs * 0.502/18)/0~5 .3ommercial salmon catch in Ibs.
=re weight

1884 283,000 F~edl~r, 1930, p. 3~’7’ 5082480 Ibs * 0.502/18)/05 )acked, canned salmon: (81450
~ases * 1 3 x 48)=lbs

1885 313,000 Fiddler, 1930, p 35’7 "’ 5616000 Ibs * 0.502118)10.5 )acked, canned salmon: (90000
;ases * 1.3 x 48)=lbs.

1886 137,000 F=edler, 1930, p. 357 2452320 Ibs. * 0.502/18)/0.5 )acked, canned salmon:’ (39300
;ases * 1.3 x 48)=lbs.

1887 127,000 Skinner, 1962, p 201 2277600 Ibs. * 0.502118)10.5 )acked, canned salmon: (36500
~ases * 1.3 x 45)=lbs.

1888 369,000 Clark, 1929, p. 65 6622978 Ibs * 0.502118)/0.5 .~ommercial salmon catch in Ibs.
=ve weight

1889 361,000 Clad,. 1929, p 6~" 6471095 Ibs * 0.502118)10 5 .3ommercial salmon catch in Ibs.
=re we ,k:lht

1/Hawest rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951



(Continued).

Year Index Citing CalculatiOn Notes ....
1890 208,000 Clark, 1 -q?9. p ~5 2970111 Ibs * 0385111)/0.5 ~ommercial salmon catch in

live weight (%SR by weight
r~hanged to .385)

1891 137,000 Clark. 1929. p 65 1957354 Ibs * 0 385/11)/0.5 Commercial salmon catch in Ibs
~ve weight

1892 339,000 F ,~,h Comm 18q4. p 11 4848816 Ibs * 0 385/11)/0.5 ;ommercial salmon catch in Ibs
ive weight

1893 277,000 (lark, 192q p 65 (3950373 Ibs. * 0 385111)/0.5 .~ommercial salmon catch in Ibs.
lye weight

1894 315,000 (lark. 1_,9. p...... a’~    65 (4494618 Ibs * 0.385/11)/0.5 ;ommercial salmon catch in Ibs.
lye weight

1895 305.000 f~h ~omm 1896. p 8, 9 (4350483 Ibs * 0 385/11)/0 5 .3ommercial salmon catch in
lye weight (2713458 catch at San
--rancisco + 1637025 at canneries)

1896 229.000 Clink. 1929. p 65 (3276587 Ibs. * 0.385/11)/05 ~ommercial salmon catch in Ibs
we weight

1897 279.000 Clark. 1929, p. 65 (3979397 Ibm, * 0.385/11)10.5 .~ommercial salmon catch in Ibs. 03
n/e weight

1898 287,000 ~iark, 1~29. p 65 (4079397 IbS. * 0.385111)/0.5 .3ommercial salmon catch in Ibs. ’~"
~ve weight

1899 ’ 452,000 "Clar~, i 929, p 65 (6458959 Ibs. " 0.385/11)/0.5 :ommercial salmon catch in Ibs.
~ve weight

1900 Fish Comm, 1900, p. 11 =sh markets denied Fish
;ommisston access to records due
o antagonism over law enforcemen

1901 ncomplete Records

1902 ncomplete Records

1903 ncomplete Records ....

1904 ncomplete Records

1905 ncomplete Records

1906 ncomplete Records

1907 ncomplete Records

1908 ncomplete Records

1909 " ncomplete Records ,,
1910 ncomplete Records

i 911 ncomplete Records ..
1912 ncomplete Records

rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951.



(Continued)_

Year Index Citing Calculation Notes

1913 ncomplete Records

1914 ncomplete Records
1915 Fish Comm, 1916, p 81 .egislature enacted a law requiring

lealers of salmon to provide
.~ommission with monthly fishery
;tatistics

1916 106.000 Fry, u npub, 1916-1947 (952697 Ibs/18)/0.5 .~ommercial salmon catch in Ibs
lye weight for March-July:
#1bs/avg weighUharvest rate)

1917 1061,000 Fry, unpub, 1916-1947 (955590 Ibs./18)/0 5 .~ommercial salmon catch in Ibs.
~ve weight for March-July

1918 98,000 Fry, unpub., 1916-1947 (885326 Ibs./18)/0.5 .~ommercial salmon catch in Ibs.
~ve weight for March-July

1919 121,000 Fry, unpub, 1916-1947 (10862041bs./18)/05 ;ommercial salmon catch in Ibs.
~ve weight for March-July

1920 134,000 Fry, unpub, 1916-1947 (12072341bs/18)/0.5 ~ommercial salmon catch in Ibs.
~ve weight for March-July

1921 104,000 Fry, unpub, 1916-1947 (938482 IbsJ18)/0.5 ~,ommercial salmon catch in Ibs.
ive weight for March-July

1922 70,000 Fry, unpub., 1916-1947 (626917 Ibs./18)/0.5 ~ommercial salmon catch in Ibs.
lye weight for March-July

1923 68 000 Fry, unpub, 1916-1947 (607570 Ibs/18)/0.5 ;ommercial salmon catch in Ibs.
lye weight for March-July

1924 87.000 Fry, unpub, 1916-1947 (778775 IbsJ18)/0.5 ~ommercial salmon catch in Ibs.
~ve weight for March-July

1925 106000 Fry unpub, 1916-1947 (952307 Ibs/18)/0 5 Commercial salmon catch in Ibs.
I~ve weight for March-July

1926 40,00 Fry, unpub, 1916-1947 (364235 Ibs J i8i/O 5 ~o~mercial salmon catch m Ibs
i~ve weight for March-July

1927 30,000 Fry, unpub, 1916-1947 (266094 Ibs/18)/0.5 Commercial salmon catch in Ibs.
~ive weight for March-July

1928 11.000 Fry, unpub, 1916-1947 (100332 Ibs/18)/0.5 3ommercial salmon catch in Ibs
ire weight for March-July

1929 19,000 Fry, unpub., 1916-1947 (173153 Ibs./18)/0.5 3ommercial salmon catch in Ibs.
we weight for March-July

1930 61,000 Fry, unpub, 1916-1947 (549366 Ibs./18)10.5 3ommercial salmon catch in Ibs.
live we~ht for March-July

rate df 0.5 derived from spring-run population and gill-net catches 1943 - 1951.



(Continued).

Year Index Citin~ Calculation                Notes
1931 49,000 Fry ~Jnpub. 1916-1947 (437351 Ibs/18)/0.5 .3ommercial salmon catch in Ibs

~ve weight for March-July
1932 48,000 F ry, unpub. 1916-1947 (429588 Ibs.118)/0.5 :ommercial salmon catch in Ibs.

[ve weight for March-July
1933 20,000 Fry, unpub, 1916-1947 ( 181565 Ibs/18)/0.5 .~ommercial salmon catch in Ibs.

=re weight for March-July
1934 16.000 Fry. unpub. 191 ~- 1 q47 ( 145286 Ibs /18)10.5 3ommercial salmon catch in Ibs

=ve weight for March-July
f~q~,~, --" 17 ~"~ " F Jv ,,,~p,,h tqlG lq47 (111030 Ibs 118)/0 5 .3ommercial salmon catch in Ibs

~ve weight for March-July
~-,~, .12 ("’~ Fry ~npt~h I"=~ lq47 (’~7£~39 Ibs/18)/0.5 Commercial salmon catch in lbs

we weight for March-July
1937 16.000 Fry. unpub. 191G 1947 (141398 Ibs.118)105 Commercial salmon catch in Ibs

=ve weight for March-July
1938 6,000 Fry’," unp~b, ! q i 6 ~ 947 (57905 Ibs/18)/05 3ommercial salmon catch in Ibs

live weight for March-July
......... (4(~’i 17 Ibs/18)/0.5 Commercial salmon catch in Ibs1939 45,000 Fry, unpub. 1916-1947

..,. ~ve weigM for March-July
1940 68,000 Fry. unpub, 1916-1947 (609179 Ibs./18)10.5 ;ommercial salmon catch in Ibs.

ive weight for March-July ~1
Fryi’ unpub, 1916-1947 (168326 Ibs/18)/0.5 ~ommercial salmon catch in Ibs.1941 19,000

~ve weight for March-July
/1942 73,000 Fry, unPub, 1916-1947 (657866 Ibs.I18)10.5 .~ommercial salmon catch in Ibs.

ive wei~lht for Mamh-July
1943 46,000 Fry, unpub., 1916-1~7 (413760 Ibs118)10.5 ;ommercial salmon catch in Ibs.

ire weight for March-July
1944 17,000 Fry, unpub., 1916-1947’ ’ (15581701bs.118)10.5 ’,ommercial salmon catch in Ibs.

ire weight for March-July
1945 166,000 Fry, unpub., 1916-1947 (14918201bs.118)/0.5 ~,ommercial salmon catch in rbs.

ive weight for March-July
1946 222,000 Fry, unpub., 1916-1947 (19957741bsJ18)/0.5 ;ommerclal salmon catch .i,n Ibs.

rye weight for March-July
1947 72,000 Fry, unpub, 1916-1947 (650866 Ibs./18)/0.5 ;ommercial salmon catch in Ibs.

rye weight for March-July

1948 59,000 CDFG Bul 80, p 33 (528667 Ibs./18)/0.5 ~onthly landing of
ishing boats in Sacramento region:
~larch-June

rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951.



(Continued).

Year , Index Citin,~ Calculation Notes

1949 30.000 CDFG Bul. 80. p 63 (267686 Ibs./18)/0.5 Vlonthly landing of commercial
~shing boats in Sacramento reg
~farch-June; Friant Dam completed
,~hich extirpates San Joaquin
Spring-run

1950 19.000 CDFG Bul. 86, p 93 (173779 Ibs./18)/0.5 Monthly landing of commercial
~ishing boats in Sacramento region
March-June

1951 9,000 CDFG Bul 89, p 39 (76744 Ibs/18)/0.5 Monthly landing of commercial
ishing boats in Sacramento region:
~larch-June

1952 -riant Dam completed 1949 -
:xtirpating San-Joaquin SR; gill net
ishery restricted to 7½ mesh

1953 4o Data
~1o Data1954

1955 4o Data

1956 4o Data

1957 .~ill Net Fishery abolished
.egislation closed gill-net fishery

1959 ~1o Data

1960 4o Data,1961 40 Data

1962 4o Data

1963 4o Data

1964 qo Data

1965 4o Data

1966 40 Data

1967 40 Data

1968 40 Data

1969 40 Data

1970 4.000 see Appendix B ~1i11, Deer and Butte creeks
;stimates

1971 3,000 see Appendix B ,.’lill, Deer and Butte creeks
;stimates

rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951,



(Continued).

Year Index ,,, Citin,~ , , ,,        Ca,lculation Notes
1972 1,000 ~Pe Apppnd~x F~ ~ill, Deer and Butte creeks

.=s/imates
1973 4,000 sPe Appendix B Vlill, Deer and Butte creeks

.=stimates
1974 5.0~q0 .~e AppPnd~x R Vlill, Deer and Butte creeks

~stimates
1975 13.000 see Appends× R V~ill, Deer and Butte creeks

.=stimates
1976 ....... ) .ncomplete Records
1977 Incomplete Records
1978 2.000 see App~,nd~ R ~ill, Deer and Butte creeks

~=stimates
1979 Incomplete Records
1980 2,000 see ^pp~ndix 1~ Villi, Deer and Butte creeks

....... .=stimates
1981 Incomplete Records
1982 3,000 ’ ~Appendix B .... Vlill, Deer and Butte creeks

~=stimate$
1983 .......... Incomplete I~ecords
1984 n, complete Records
i985 1,000 see ApPendix B ~ill, Deer and Butte creeks

.=stimates
1986 2,000 see APpendix B ~1i11, Deer and Butte creeks

.=stimates
1987 500 see Appendix B ~ill, Deer and Butte creeks

.=stimates
1~°8B 2,000 see Appendix B ~fiil, Deer and Butte creeks

.~stimate$
1989 2,000 see Appendix B ~ill, Deer and Butte creeks

.=stimate$
1990 1,000 see Appendix B ~lill, Deer and Butte creek~

.=stimate$
1991 1 i000 see Appendix B ~ill, Deer and Butte creeks

.=stimate~
1992 1,000 see Appendix B ~ill, Deer and Butte creeks

.=stimates

rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951



Table 9. (Continued).

Year Index Citing] Calculation Notes

1993 1,000 see Appendix B Vlill, Deer and Butte creeks
.=stimates

1994 2,000 see Appendix B Will, Deer and Butte creeks
.=stimates

1995 9,000 see Appendix B Will, Deer and Butte creeks
~stimates

1996 2.000 see Appendix B Vlill, Deer and Butte creeks
.=stimates

1997 1.000 see Appendix B ~,Ii11, Deer and Butte creeks
~stimates

1/Harvest rate of 0.5 derived from spring-run population and gill-net catches 1943 - 1951.



Estimated Total Spring-run Abundance
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Figure 18. Historical spring-run chinook salmon abundance. Early estimates derived from annual commercial salmon
catch records. Present abundance is the sum of individual estimates for Mill, Deer, and Butte creeks.



Table 10. Counts and Estimates of the San Joaquin River Spring-run Population.

YEAR ESTIMATE YEAR ESTIMATE

1940 No survey 1951 0

1941 No survey 1952 0

1942 No survey 1953 0

1943 35,000 1954 0

1944 5,000 1955 0

1945 56,000 1956 0

1946 30,000 1957 0

1947 6,000 1958 0

1948 2,000 1959 0

1949 No survey 1960 Extirpated

1950 No survey

!
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Figure 19. Adult spring-run chinook salmon population abundance in the San Joaquin River, California.



Sacramento River and an additional 2,391 fish were taken at Keswick Dam trap. These fish
migrated and spawned at the same time as spring run that migrated through this section of river
before Shasta Dam. Adult spring-run abundance was estimated until 1956 based on redd
counts. Estimates ranged from 27,000 to 4,000 (Appendix B). During this period, Slater (1963)
noted a change in the spring-run population and an increase in what he referred to as early-
spawning fall run. Slater (1963) states that early fall-run spawners were competing with spring

for nest sites. He also indicates that fall run may have hybridized with spring run. Norun
estimates were made from 1957 through 1968. Starting in 1969 counts were made at RBDD.
RBDD also included fish that were destined for Battle and Cottonwood creeks. Estimates of
adult spring-run escapements are also separately generated for each drainage, resulting in
"double counting" of these fish. No analysis has been performed to adjust the RBDD estimates
to account strictly for the spawners to the mainstem river.

Clear Creek: There is no record of the population size in Clear Creek. Azevedo and Parkhurst
(1958) mentioned seeing spring run in 1956 for the first time since 1949, but gave no estimate.
Today, there are no spring-run chinook salmon in Clear Creek (Appendix B).

Cottonwood Creek: There are no good estimates of what the population size of spring run was
historically in Cottonwood Creek. CDFG (1993) simply states there was a historical population
of 500 salmon, but does not cite a source. Now Cottonwood Creek has a remnant population of
a few fish. In 1995, eight spring-run salmon were observed in Beegum Creek and six fish were
observed in 1996. No spring run were detected during a survey in 1993 of the South Fork of
Cottonwood Creek.

Battle Creek: Battle Creek historically supported a spring-run population, but no reliable
records exist that document the magnitude (Figure 20). Systemic counts were not made during
spring months when adult spring run migrate upstream. Hanson (et al. 1940) reported a small
spring run and a larger fall run. Azevedo and Parkhurst (1958) used redd surveys and carcass
counts to estimate adult spring run; estimates ranged from 1,700 to 2,200 for 1952-56. These
numbers were subsequently used in Fry (1961).

During the last three years (1995-97), the USFWS has generated partial estimates for spring
run using ladder counts at the CNFH Barrier Dam (Appendix B). These partial estimates
indicate Battle Creek presently has a run of 50 to 100 adult spring run (Baracco 1996, 1997).

Antelope Creek: Historically, Antelope Creek supported "a few hundred" adult fish (Haltock
1956, Van Woert 1959 ). Hayes and Lingquist (1966) estimated the run to be about 500 fish
annually. Today, there are few fish in Antelope Creek. Since 1989, surveys conducted by the
Department have counted salmon in holding areas. Counts ranged from a low of zero in 1991.
1992, and 1994 to a high of seven fish in 1995 (Figure 21, Appendix B).

Mill Creek: There are no early records of population size for Mill Creek. Counts of spring run
were initiated in 1940 by the USFWS (Appendix B). Though some of these counts are
incomplete, there were counts of 3,000 to 4,000 fish. In recent years counts are an order of
magnitude lower. In 1997, 200 spring run were estimated to have spawned in Mill Creek
(Figure 22).

Section VI. Abundance and Po!3ulat~on Trends
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Figure 20. Adult spring-run chinook salmon population abundance in Battle Creek, California.
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Figure 21. Adult spring-run chinook salmon population abundance in Antelope Creek, California.
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Deer Creek: There are no early records of population size for Deer Creek. Salmon were
abundant enough for the Yah¯ people to use them as a food source {Yoshiyama et al. 1996).
Counts of spring-run chinook salmon in Deer Creek were initiated ~n 1940 by the USFWS
(Appendix B). Although some of these counts are incomplete, there were counts of 3,000 to
4,000 fish. In recent years counts are an order of magnitude lower In 1997, 466 spring run
were counted (Figure 23).

Stony Creek: There are no records of the numbers of spring-run salmon in Stony Creek. Clark
(1929) states that Stony Creek was a very good salmon stream pnor to the placement of
irrigation dams. Spring-run chinook salmon were blocked by Stony Gorge Dam (Hanson et al. ¯
1940). As a result, spring-run chinook salmon are no longer able to access habitat in the upper
watershed necessary for adult holding and spawning, leading to their extirpation.

Big Chico Creek: No historical records exist, but the number of sl3nng run in the 1950s and I
1960s averaged less than 300 fish. In the last four years, the number of adults seen in Big
Chico Creek has ranged from 200 to two fish (Appendix B, Figure 24).

Butte Creek: There are no early accounts of the number of spring-run chinook salmon in Butte
Creek. Butte Creek was described in 1929 (Clark 1929) as having been a very fine salmon II
stream which was almost destroyed by irrigation dams and diversions Clark further Ihypothesized that only remnant numbers of fall run remained, with the implication, therefore.
that spring run had been extirpated. It appears that Clark based his conclusion upon
observations of the valley reach of Butte Creek, which during the summer was described "..~as ¯
the water is very low and warm ..." He made similar observations for M~ll and Deer creeks, and
apparently did not recognize that the life history pattern of spring-run salmon was such that low
flows and high temperatures in the valley reaches during the summer did not preclude their ¯
existence. In 1940, Butte Creek was described as "reported to have been a very fine salmon
stream in the past, but mining and hydroelectric power developments in the upper and middle
portions, and irrigation diversions in the lower sections have so altered the stream that it is no ¯
longer suitable for salmon" (Hanson et al. 1940).

During 1954, a counting station was maintained at the Parrott-Phelan Dam to record adult
spring-run salmon passing through the fish ladder ( Appendix B). During a 21-day period (May
7 to 27), 830 fish were observed (Warner 1954). Warner further commented that the first
salmon were seen in the area during the last week in March, and also that Warden Gone I/
Mercer reported that 300 salmon were taken by anglers in upper Butte Creek on May 1 and 2.
Various census techniques have been employed to evaluate the spring-run populations in Butte
Creek since 1954. The population has fluctuated significantly, from a high of 8,700 adults in ¯
1960, to a low of ten fish in 1979. The fluctuation may, in part, be explained by the various
survey techniques which have varied in rigor and comparability. However, the general trend
has been a decline since the 1940s (Campbell and Moyle 1990). in 1995, 7,500 spring run
retqrned to Butte Creek and in 1997, 635 returned (Figure 25). ¯
Feather River. Historically the population in the Feather River was substantial. Letters written []
by CDFG (as cited in Yoshiyama et al. 1996) indicated that thousands of spring run entered the
North Fork. In 1946, the spring-run population in the Feather River was estimated at 2,000

!
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Figure 23. Adult spring-run chinook salmon population abundance in Deer Creek, California.
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adults (Fry 1961). Prior to complete blockage resulting from Oroville Dam, the population
estimate varied from a low of 500 fish in 1957 (Mahoney 1958), to 4,000 in 1959 (Mahoney
1960) (Appendix B, Figure 26).

Following construction of Oroville Dam, the spring-run population dropped to an all-time low of
146 fish in 1967 (Menchen 1968). The greatest abundance since Oroville Dam was in 1988
(6,833 adults) based on numbers of fish returning to the fish hatchery (Schlicting 1991).
Estimates for spring run since the construction of Oroville Dam are counts of salmon entering
the FRH. These fish, referred to as spring run for the last two decades, are probably
intr.ogressed hybrids of spring and fall run (Brown and Greene 1993). Tables 7 and 8 illustrate
how much hybridization has been occurring between fall and spring run at the FRH. A more
detailed discussion can be found in this report’s section titled Factors Affecting the Ability to
Survive and Reproduce - Competition and Hybridization.

Yuba River. There are no early accounts of the population size in the Yuba River, but it is
thought to have been large. When Bullards Bar Dam was constructed, there were so many
spring run congregating below the dam and dying that they had to be burned (Yoshiyama et
1996).

A small population of spring-run chinook salmon may exist today in the Yuba River, but the
status of its magnitude or introgressive hybridization with fall-run chinook salmon is unknown.
Chinook salmon exhibiting spring-run characteristics, early ascending (April, May, and June)
and early spawning (September-early October), have been observed in the Yuba River.
Observations of fish exhibiting spring-run characteristics have been documented since 1980.
Best professional judgement by Departmen~ personnel has estImated spring-run populations
during the 1980s to number several hundred fish (Appendix B). Surveys since 1992 have been
direct observations (aerial in 1992 and snorkeling in 1993-94) in the reach where spring run are
considered to hold and spawn, from Englebright Dam downstream to Parks Bar. Snorkel and
aerial surveys were generally conducted in September to determine the presence of adults and
redds. Spring run were not observed during the snorkel or aerial surveys conducted between
1992 and !994. Surveys were not conducted in 1995 and 1996. Spring-run chinook salmon
were observed to be present in 1997, although an estimate of abundance was not made (J.
Nelson, pers. observ.).

American River and Tributaries
Spring run no longer inhabit the American River, Mokelumne River and any tributaries of the San
Joaquin River. All of these rivers have had impassible dams built low in the drainage which
blocked spring run from reaching their former habitat. There are no early records of the
magnitude of spring run in the American River. From the size of their former habitat as
described in Yoshiyama et al (1996) it could have been large. Stone (1874) indicated the
American River was once a prolific salmon river, but mining had made it so muddy that salmon
no longer ascended it. Fry (1961) noted a small spring run.

There are no historical records of the size of the spring run in the Mokelumne River. There are
no early counts of spring run in the Stanislaus River but it was probably quite large. Historically,
the Stanislaus River was primarily a spring-run stream (Yoshiyama et al. 1996). Today there are
no spring run in the Stanislaus River. There are no early counts of spring run in the Tuolumne

Section Vl. Abundance and Population Trends
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Figure 26. Adult spring-run chinook salmon population abundance in the Feather River, California.



River. Clark (1929) noted that spring run were inconsequential in 1928. There are no early
counts of spring run in the Merced River, but the spring run must have been large. Clark (1929)
recounts statements from early residents that "great quantities of fish come up the river in the
summer and fall." The San Joaquin River once had a tremendous spring run of salmon. Clark
(1929) indicates that in the late 1800s "salmon were very numerous and came in great hordes."
Fry (1961) estimated a run of 56,000 spring run in 1945. In the Kings River, there are no
records of the size of the spring run historically. Apparently, it occurred often enough and was
large enough for native people to use salmon as a food staple and hold a ritual praying to
salmon for a plentiful supply (Yoshiyama et al. 1996). Ferguson (1914: as cited in Yoshiyama et
al. 1996) reported a "very considerable run" occurred in 1912 and 1914 after a channel was
dredged between the San Joaquin River and the Kings River.

Magnitude and Rate of Population Decline

The overall population trend for spring run in the Central Valley has been documented as
declining for many decades (Table 9, Figure 18). The population initially underwent a significant
decline mainly due to loss of upstream habitat caused by barriers and hydropower dams,
difficulty in adult and juvenile passage caused by water diversion facilities and lack of instream
flows, the commercial gill-net fishery in the late 19t" and early 20th century, and habitat
degradation from mining and reclamation activities. By 1870, the commercial gill-net fishery
had already declined as a result of placer mining in the tributaries, which dewatered and
destroyed’ spawning gravels (Marcotte 1984). Spring-run populations continued to decline
drastically in the early 1900s when hydropower and irrigation dams were constructed on nearly
every major Central Valley tributary. Although the populations were significantly depleted
compared to pre-disturbance conditions, they were not threatened with extinction. Completion
of Shasta and Friant dams in the 1940s blocked access to a s~gnificant portion of the historic
spawning habitat for spring run and resulted in the extirpation of spring run in the San Joaquin
River and a further precipitous drop in abundance ~n the Sacramento River system. Still, spring
run have experienced significant losses since this era. More than 20 historically large
populations have been extirpated or reduced to nearly zero. By 1997, wild spring-run
populations have declined to less that 0.3% of their historic run sizes (Appendix B).

One way to evaluate population trend is to examine the strength of Brood Year (BY) hneages
Due to the varied methods used over the years to estimate population abundance in each
tributary, there are few data which are adequate for such an analysis. For Mill, Deer, and Butte
creeks, the more recent data are generally most consistent and robust. Individual BY data are
lacking altogether on rates of gritse returns, age structure, and sex ratio of returning adults. If
one can assume all spawning adults return as 3-year-olds, there is a 1:1 male to female sex
ratio, and there is no variation in these factors between BYs one can calculate a cohort
replacement rate (CRR). This calculation consists of dividing the number of returning adults in
a given BY by the number of returning adults three years prior. A CRR of 1.0 or greater
represents a population that would be self-sustaining in a constant environment. A value of 1.0
means the cohort has simply replaced itself. Values greater than 1.0 means the cohort
abundance is increasing and values less than 1.0 means the cohort abundance is decreasing.

For Mill Creek (Table 11, Figure 27), all three cohorts (BY lineages) have failed to replace
themselves at least 50% of the time. Cohort 1 has exhibited the greatest volatility in CRR
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Table 11. Mill Creek Spring-run Chinook Salmon Cohort Replacement Rate

Cohort Broodyear Cohort
Replacement

Rate

1 1957 1203 ÷ 1789 = 0.7 .

2 1958 2212 ÷ 2967 = 0.7

3 1959 1580 ÷ 2233 = 0.7

1 1960 2368 + 1203 = 2.0

2 1961 1245 ÷2212 = 0.6

3 1962 1692÷1580= 1.1

1 1963 1315 ÷ 2368 = 0.6

2 1964 1628 ÷ 1245 = 1.3

3 1990 844 ÷ 89 = 9.5

1 1991 319 ÷ 572 = 0.6

2 1992 237 ÷ 563 = 0.4

3 1993 61 + 844 = 0.1

I 1994 723 -’. 319 = 2.3

2 1995, 320÷237= 1.4

3 1996 252 ÷ 61 = 4.1
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Mill Creek Spring-Run Chinook Salmon
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cohort abundance is decreasing.

Figure 27. Cohort replacement rates (CRR) for Mill Creek calculated from spawning abundance estimates.



between BY’s. In 1990, the CRR was 9.5, dropping to 0.1 in 1993, and then rebounding to 4.1
in 1996. Cohort 2 is weak with replacement rates between 0.6 and 1.3 in the late 1950s
through early 1960s. The CRR has shown little improvement until 1994 then the BY appeared
somewhat stronger with a CRR of 2.3. Cohort 3 has consistently failed to replace itself every
other BY cycle. The CRR for 1995 was 1.4

For Deer Creek (Table 12, Figure 28), the CRR for Cohort I (1990 BY lineage) has fluctuated
from 2.3 to 0.6 and back to 2.4 over the last three BY’s. Cohort 2 (1991 BY lineage) has been
barely maintaining itself with values ranging from 1.0 to 1.2. Cohort 3 (1992 BY) is the
strongest of the three cohorts. While the BY had a showed return in 1992, the replacement rate
further increased in 1995 with a CRR of 6.2.

the most volatile of the three populations analyzed. Two of the threeCRR for Butte Creek are
cohorts in Butte Creek are declining and have exhibited large variation in CRR between BY’s
(Table 13, Figure 29). The third cohort (BY lineage 1995) exhibited as strong CRR of 10.3. In
1995, 7500 adults returned to spawn. The fate of the 1995 BY will be assessed this year.

For all three populations, there has been a large variability in CRR from generation to
generation. This pattern of high variability between BYs has been observed for spring-run
chinook salmon in the Klamath-Trinity basin and for fall-run chinook salmon in the San Joaquin
River system. In the latter case, the population historically exhibited extreme inter-annual
variability in population size with no obvious trend. The population then plummeted.

Degree and Immediacy of Threats

The continuing population decline, overall low population abundance, fluctuating CRR, and
restricted range place Sacramento River spring-run chinook salmon at risk of becoming
endangered in the foreseeable future absent special protection and management efforts.
Significant efforts have recently been and continue to be expended to restore habitat in natal
tributaries and the Sacramento River below Keswick Dam. These actions are expected to
benefit Sacramento River spring run (see this report’s section on existing and future
management efforts). For each BY lineage in each tributary, it takes a minimum of three years
(the length of time for a cohort to emigrate to the ocean, mature, and return to freshwater to
spawn) after a significant impact occurs, whether positive or negative, before a population
response can be assessed. It will take several generations before a change in population trend
can be determined

Demographic and genetic risks due to the Sacramento River spring run’s small population sizes
are considered to be high. Given the low population size over many generations and relatively
isolated nature of sub-populations from one another, Sacramento River spring-run chinook

may already experienced genetic effects, assalmon have detrimental such increased
inbreeding and the consequent lowered immediate fitness and loss of genetic variation that may
result in a lower long-term fitness and reduced adaptive potential (Hedrick et al. 1994). The

spring run (Mill, Deer, Butte, Big Chico,total annual abundanceof adult Sacramento River
Antelope, and Battle creeks combined) since 1989 has ranged from 867 to 2,282 fish, with the
exception of adult returns in 1995 when 7,500 adults returned to Butte Creek alone. A
minimum spawning population of 400 to 1,000 fish is considered to maintain geneticnecessary
diversity in the winter-run chinook salmon population (52 Federal Register 6041), which consist
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Table 12. Deer Creek Chinook Salmon Cohort Replacement Rate.

Cohort Broodyear Cohort
Replacement

Rate

1 1990 458-." 200 = 2.3

2 1991 448 + 371 = 1.2

3 1992 209 ÷ 77 = 2.7

1 1993 259 ÷ 458 = 0.6

2 1994 485 + 448 = 1.1

3 1995 1295 ’.- 209 = 6.2

1 1996 614 + 259 = 2.4

2                           1997                       466 + 485 = 1.0

I
!
I
i
I
I

I
I
I
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Deer Creek Spring-Run Chinook Salmon
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has simply replaced itself. Values greater than 1.0 means the cohort abundance is increasing. Values less than 1.0 mean the
cohort abundance is decreasing.

Figure 28. Cohort replacement rates (CRR) for Deer Creek calculated from spawning abundance estimates.



Table 13. Butte Creek Spring-run Chinook Salmon Cohort Replacement Rate.

Cohort Br0o(:Jy~ar Cohort
Replacement

Rate

1 1963 6100 ÷ 8700 = 0.7

2 1988 254 ÷ 534 = 0.5

1 1993 650 ÷ 100 = 6.5

2 1994 474 ÷ 100 = 4.7

3 1995 7500 ÷ 730 = 10.3

1 1996 1413 ÷ 650 = 2.2

2 1997 635 ÷474 = 1.3
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Butte Creek Spring-Run Chinook Salmon
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Figure 29. Cohort replacement rates (CRR) for Butte Creek calculated from spawning abundance estimates.



!
of a single breeding population in the upper Sacramento River. Hedrick et al. (1994) noted that
a recent re-evaluation of minimum effective population size suggests a population of 5,000
adults may be more appropriate in order to maintain adequate potential adap.tive variation.

!
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!
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VII. FACTORS AFFECTING ABILITY TO SURVIVE AND REPRODUCE

Spring-run populations have continued to decline, long upstreamlossafter the historic of

spawning habitat occurred. The Department has concluded that the continuing decline in recent
decades is due to a combination of physical, biological, and management conditions as
discussed below.

Impacts from Climatic Variation

Weather and ocean conditions can vary substantially in California from year to year. Droughts
are a natural phenomenon in California’s arid, Mediterranean climate. Tree-ring analysis
indicates 11 multi-year droughts in the Central Valley from the mid-16t" century through the end
of the 19= century (Roos 1992: as cited in NMFS 1997). Since 1906, when continuous collection
of data on streamflow, runoff, and precipitation for Central Valley streams began, droughts have
occurred from 1918-20, 1929-34, 1976-77, and 1985-94. The most recent drought was

record outflows in 1986 and an above-normal watercontinuouswith the exceptionof February
year in 1993. Populations in Mill and Deer creeks dropped to all-time lows during this period.
The Butte Creek population did not noticeably increase or decrease during the last drought~

Historically, spring-run populations were likely affected by droughts, but they were sufficiently
abundant and resilient so they could survive and rebound after each event. Today, the small,
isolated populations of spring run must survive drought conditions which are significantly
exacerbated by current degraded habitat conditions, modern-day water supply and delivery
systems, and other factors which diminish their survival. Drought conditions cause a natural
decrease in runoff, inflow, and thus outflows. Water management operations during the last
drought resulted in an increased proportion of inflowing water being diverted by water projects.
Increasing the proportion of water diverted degrades physical habitat conditions and increases
the risk of entrainment to unscreened diversions and to the central and southern Delta where
survival is reduced. The of water within the Sacramento River andsignificantly management
Delta was a primary factor precipitating the endangered status of the winter-run chinook salmon
population (NMFS 1997). For adult spring run, reduced flows retarded or completely blocked
access to natal tributaries for spawning and stranded adults as they moved upstream to holding
areas. Reduced flows also impacted adults, eggs, and juveniles through elevated water
temperatures.

Climate fluctuations affect ocean habitat conditions as well. During the period from 1989-92,
there were indications of poor ocean conditions off California for salmon. Fall-run chinook
salmon spawning escapements throughout California in 1992 were among the lowest on record.
In contrast, the 1992-93 ocean conditions were very favorable for salmon, especially south of
San Francisco. California’s recreational ocean salmon landings for 1995 were the highest on
record, especially from Monterey southwards, where landings were eight times the average of
the previous five (PFMCyears 1998).

Th~ weather phenomenon of El Nitro is having a major impact on California’s ocean and
weather patterns in 1998. With elevated ocean temperatures off central and northern California,
salmon mortality could be increased. Ocean survival could be significantly reduced by
immigration of warmer water predators such as mackerel; low food supplies due to decreased
survival of prey species or increased competition from warm water immigrants; increased
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susceptibility to disease and infection; or, most likely, a combination of these and other factors.
Also, California’s salmon runs could emigrate to cooler water temperatures, north of the
Oregon/California Border.

In addition to droughts and El Nitro events, the Central Valley periodically experiences major
flood events such as occurred in 1997. The catastrophic flooding and scouring flows of January
1997 may have caused significant mortality to incubating eggs and pre-emergent fry in Mill and
Deer creeks since fry in those creeks do not typically begin emerging from the gravels until
January. The high flows may have had a lesser negative effect on spring-run salmon eggs and
fry in Butte and Big Chico creeks, fry in these creeks begin to emerge in late November. Though
the high flows swept nearly all Butte and Big Chico creeks’ fry downstream, some probably
survived by readng in the Sutter Bypass or other tributaries of the mainstem Sacramento River.

In summary, while healthy, abundant runs of chinook salmon have the capacity to rebound
successfully from unfavorable climatic and oceanic events, severely diminished runs lack the
resiliency to tolerate catastrophic population reductions and rebound from such events.

Competition and Hybridization

Historically, the spring-run salmon migration in the upper river and tributaries extended from mid-
March through the end of July with the peak of migration in late May and early June (Table 2).
Spawning started in mid-August and ceased in late September, peaking in early September. The
peak of spawning between spring- and fall-run salmon were almost two months apart. Under
natural conditions (before access was cutoff to many headwater spawning areas due to dams
and water diversions), spring-run salmon were spatially isolated from fall-run chinook as well as
temporally isolated during spawning from winter run. It was this spawning isolation, in time and
space, although not absolute, that maintained the integrity of spring-run populations.

After the completion of Shasta Dam, spring run were no longer able to ascend headwater
streams. Fish were stopped at Keswick Dam and spawned in the same area that fall run
historically spawned. Immediately after Shasta Dam was completed, a distinct spring run and a
distinct fall run was evident (Moffett 1947). Moffett (1947) writes:

"These salmon began spawning late in August but only scattered females occupied the
beds until early September when the peak of egg deposition occurred. Spring-run
salmon had virtually completed spawning by the end of September; a full six weeks
before the fall-run spawning peak was reached."

About 15 years later, Slater (1963) speculated that there was a greater overlap in the time of
spawning between the spring run and fall run than was noted by Moffett (1947) and Stone
(1896). Slater hypothesized that early fall run were competing with spring run and that
hybridization had occurred. Slater (1963) states:

"The spring run...is only well started spawning before the early fall-run spawners
move in to compete for nest sites. This competition, plus the indicated hybridizing
of the spring and fall races, appears to have held down the spring run, perhaps
even to have eliminated it as a distinct race in the mainstem Sacramento River.
Such hybridizing could not readily be detected through routine field observation,
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for the hybrids would continue to enter the river in both spring and fall and to
spawn throughout the overlapping spawning periods. The status of the spring run
in the mainstem is thus speculative. Suffice it to state that spring-ruB chinook
salmon have not been noted to have been abundant in the mainstem Sacramento
River during the summer holding period of recent years. Small runs of spring-run

still ascend such tributaries as Mill and Deer creeks however."fish

Cope and Slater (1957) noted what could have been introgression of spring- and fall-run salmon.
They marked spring- and fall-run salmon at CNFH and subsequently recovered these fish in the
gill-net fishery in the Delta. Of the 179 recovered fish released as fall run salmon, 81% were
identified as fall run and 19% were identified as spring run. Of the 18 recovered fish released as
spring-run salmon, 83% were recovered as spring run and 17% were recovered as fall run.

Migration of adults termed "spring-run" passing RBDD is now protracted, starting in March and
ending in October (Table 14, Figure 1). The pronounced spring run that passed Redding is no
longer identifiable. In contrast, there is still a pronounced fall run passing RBDD (Figure 30).
The early spawning, indicative of spring run in the mainstem Sacramento River above Red Bluff
as was observed by Moffett (1947) and to some extent Slater (1963), is gone. Currently, aerial
redd flights of the spawning habitat in the mainstem have found little or no spawning in the river
in August or September when spring-run salmon historically spawned. Under present-day
conditions, few salmon migrating to and remaining in the Sacramento River above RBDD are
characteristic of the spring-run salmon observed by Moffett (1947) and Slater (1963). Still, there
are some spring run that migrate past RBDD that are destined for upper river tributaries.

Hatchery practices probably have also contributed to the intermixing of fall run and spring run in
the Sacramento River system. There were early failed attempts to propagate spring-run chinook
salmon beginning at the end of the 19~ century. The U.S. Fish Commission operated a hatchery
on Battle Creek beginning in 1896. This hatchery was initially built by the California Fish
Commission (CFC) in 1895 and transferred to the U.S. Fish Commission in 1896. Records (U.S.
Fish Commission 1896-1908) indicate that only fall-run eggs were propagated at the hatchery.
These eggs were obtained from either a fish rack or seining near the mouth of Battle Creek
generally from October until January. In 1901 hatchery records indicate:

’ A large run of fish came into the seining-pool during the late spring and early
summer, but owing to the extreme heat they died without ripening. The
experiment proved that there is a large summer run [now termed spring run] of
fish in the creek~ but it also proves that it is impossible to secure eggs from this
run at the Battle Creek Station."

After CNFH was built in 1944 and replaced the Battle Creek Station, another attempt was made
to propagate spring-run salmon eggs. From 1943-51, adult salmon were collected either in
Battle Creek or transferred from Balls Ferry and Keswick Fish Trap on the Sacramento River.
Dates of collection were September and October. In 1950 CNFH stopped collecting "spring-run"
eggs due to the excessive mortality of the adults in the warm September and early October
water temperatures.

FRH was built by the California Department of Water Resources (DWR) to mitigate for the loss
upstream hatchery was on October 1, 1967 isof habitat ofOroville Dam. The dedicated and
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Table 14. Migration Timing of Spring-run and Fall-run Chinook Salmon. Historic Distribution for Spring-run
Based on Composite of Data from Mill and Deer Creeks, Feather River, and the Upper Sacramento River
Prior to Shasta Dam. Present Distributions for Spring-run and Fall-run Migrating Past RBDD Using’a
Composite of Data for Years 1970-1988.

Percent of Adults Migrating
Unstrearn P~r W~k

~. Spring run Spring run    Fall run
Week at RBDD Historic at RBDD

March 19 0.1% 0.1%
March 26 0.3% 0.0%
April 2 0.6% 0.3%
April 9 1.0% 0.6%
April 16 1.4% 0.9%
April 23 1.6% 1.3%
April 30 1.6% 2.8%
Ma~/7 .1.7% 6.7%
Ma?’ 14 2.2% 13.1%
May 21 2.6% 94%
Ma~, 28 2.9% 15.1%
June 4 2.6% 14.0%
June 11 2.9% 13.3%
June 18 3.5% 8.3%
June 25 3.1% 5.1% 0.1%
July, 2 3.7% 41% 0.1%
July, 9 6.0% 1.9% 0.2%
July 16 4.8% 1.1% 0.4%
July 23 3.2% 0.9% 0.6%
July30 4.1% 0.7% 0.8%
August 6 7.0% 0.1% 1.5%
August 13 6.1% 0.1% 2.3%
August20 6.8% 0.1% 2.7%
August 27 5.7% 3.3%
Sept 3 7.2% 4.4%
Sept. 10 6.7% 5.6%
Sept. 17 5.2% 8.3%
Sept 24 3.7% 9.3%
October 1 1.2% 10.4%
October 8 0.7% 11.0%
October 15 9.6%
October 22 7.2%
October 29 7.1%
Nov 4 5.2%
Nov 12 3.0%
Nov 18 2.6%
Nov 25 1.9%
Dec, 3 1.0%
Dec 10 0.8%
Dec 17 0.6%
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operated by the Department. During the five-year period prior to the opening of the hatchery
(1962-66) all adult salmon were trapped and transported above the site of Oroville Dam. During
1968 and 1969 spring-run salmon were allowed to enter the hatchery as soon as they arrived in
the river, as early as April and May. The result was significant mortality, dui~ to the inability to
hold adults for several months until they were ready for spawning, with greater than 50% losses.
As a result, since 1970 hatchery policy has been to exclude spring run entry to the facility until
onset of spawning, the period August through October (generally early September to October 1).
This practice has resulted in the inability to clearly identify spring-run chinook based on their
adult upstream migration timing, which historically has been described as occurring between late
February and June. As described earlier in this report, their actual time of spawning ovedaps
with fall run. Evidence suggests that introgression with fall run in the Feather River actually
occurred pdor to Oroville Dam, due to early hydropower and agricultural diversions blocking
access to spring-run spawning habitat in the upper watershed. Since the hatchery program’s
inception, practices have fostered this intermixing of fall run and spring run in the Feather River
and within the hatchery (Brown and Greene 1993), which has been substantiated by CVVT
returns (Tables 7 and 8). The pronounced spring-run population increase in 1982 is largely
believed to be the result of extending, perhaps arbitrarily, the cutoff date for spring run entering
the hatchery (D. Schlicting, pers. com.).

Brown and Greene (1993) reported that approximately 22% of hatchery juveniles tagged as fall
run were subsequently identified and spawned in 1988 as spring run when they returned as
adults. They reported similarly that approximately 29% of juveniles tagged as spring-run were
subsequently identified and spawned as fall-run adults. Subsequent evaluation of fall- and
spring-run chinook salmon’ returns for the entire period 1987-94, further substantiates the
magnitude of the overlap (Tables 7 and 8). During 1987, 74% of the adults which had previously
been tagged and released as spring run, returned and were identified and spawned as fall run.

During 1994, to assess the current numbers of spring-run chinook which exhibited spring-run
adult migration timing, the fish ladder remained open until April 15, was closed and reopened on
May 16 and remained open until June 6. Prior to June 6, only one fish had entered the hatchery
(on May 23). On June 6, 31 fish entered the hatchery and the ladder was closed (F. Fisher,
pers. com.). The implication is that few fish exhibiting the "typical" spring-run salmon adult
migration timing existed in the Feather River during 1994. The subsequent spring-run
population which entered the hatchery when the ladder was reopened on September 6, 1994,
was 3,641.

Today, FRH salmon appear to have an intermixed life history pattern. In 1982, early returning
fall-run salmon were observed at RBDD and subsequently identified from FRH CWT as fall run
from the 1980 BY. Now it is common place to intercept fish tagged as fall run at RBDD during
the spring-run migration (mid-March through the end of July). This intermixed life history pattern
was evident when FRH fish were used in an attempt to re-establish spring run in Clear Creek.
More than 523,000 FRH spring-run fry were planted at the base of Whiskeytown Dam during the
three-year period 1991-93 (Table 15). A portion of the fish were marked. Since 1993,
snorkeling surveys have been performed during the adult spring-run holding period to determine
if the plants were successful. Three unmarked salmon were observed during the spring-run
adult holding period in 1993 and two in 1995. However, 23 CVVT adults returned between 1993
and 1995 during the adult fall-run spawning migration.

Based on the conclusion that hatchery practices have resulted in the hybridization of fall- and
spring-run chinook salmon in the Feather River and in the FRH, it is recommended that both
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Table 15. Feather River Fish Hatchery - Records of Spring-run Chinook Salmon Production

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE
YEAR ENTRY I SPAWN NUMBER

PLANTED

1969 E May Oct.-Nov. 1970 71.900 45-50 g None Feather River
(112)
Aug.
(233), s (121)

1970 E Aug 13.25 Jan. 1971 26,500 1.0 9 None Feather River
(235), ~ (65)

Nov -Dec 1971 233,000 7 0-7 6 / Ib None Feather River

1971 ~ Aug. 30-31 Mar. 1972 32,000 800lib N(?£e ....... Feather River
(484)rj~ s Oct. 6 Nov.-Dec 1972 101,000 44.8-74 5 g None Feather River at Yuba City

o_,~.. (211)
o Jan-Feb 1973 66,605 99 4-112.0 g None Feather River at Yuba City

< 1972 E Sep. 6 -Oct. 1 June 1973 50,000 11.2 g None Feather River a.t Yuba City
-- (256) ......g s Oct. 4-18
"O Sep.-Dec. 1973 211,459 25-56 g None Feather River at Live Oak
= (90)
~ 1973 ~ Sep. 1-25 May 1974 61,600 6 g None Sacramento River at Rio Vista

(205)
s Oct. 1-31          Oct.-Dec. 1974        175,100       29-45 g       None         Feather River at Gddley/Marysville                      i~1

1974 e Sep. 3-5 Jan. 1976 118,800 63 g LP-RV Feather River at Gridley

(~198)
Oct. 4-21

(29)

1975 E Sep. 2-11 May-June 1976 487,550 5-7. £~ None Sacramento River at Rio Vista

1%91)ct.3-30 Dec. 1976 90,825 75.6 g CWT No. Feather River et Feather River Halchery

(309) 060107

Dec. 1976 60,010 63 g None Feather River at Gridley



Table 15. (Continued).

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE
YEAR ENTRY I SPAWN NUMBER

PLANTED

1976 ~= Sep. 2-15 Jan. 1977 93,500 44 {] None Feather River at Oroville
713)
Sep.26-Oct.25 Ma), 1977 355,950 6-8 ~1 None Sacramento River at Rio Vista

(354)
Oct. - Nov. 1977 74,840 50-56 9 None Feather River at Boyds Pumps

Dec. 1977 - 71,105 75-90 g CWT No. Feather River at Feather River Hatchery
Jan. 1978 065809

1977 ’= Aug24-30 Oct. 1978 24,000 37 g Dye Feather River at Verona
(121),
- Sep. 16 Dec. 1978 54,700 64 8 g CWT No. Feather River at Verona and Yuba City
(73) 065811 03s Sep.30-Oct.31
(95) Jan. 1979 50,046 56 g CWT No. Feather River at Verona

065812

1978 E Sep.6-Oct. 10 Oct. 1979 86,300 56 g None Feather River at Hatchery
(202)
s Oct.2-30
(32)

1979 E Sep. 4-28 May. 1980 465,325 7 g None Sacramento River at Rio Vista

2s5o)
ep. 28-Oct 10 July 1980 15,925 34 g None Yuba River at Nelson Bar

(167)
Oct. 1980              139          60 g         None         Feather River at Feather River Hatchery

1980 E Sep 1-22 Oct.-Nov. 1981 129,000 45 g None Feather River at Feather River Hatchery

1122)
Sep. 22-Oct.31

(41)



Table 15. (Continued).

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE
YEAR ENTRY I SPAWN NUMBER

PLANTED

1981 E Sep 1-Ocl 1 May 1982 47,2~0 11 g CWT No. Sacramento River at Maritime Academy
(469) 065828
s Oct. 1. Nov.3
(132) Nov 1982 260,g~8 7~ g None Feather River at Feather River Hatchery

1982 F Sep. 1-30 Jan. 1983 106,600._ 0.33 g , None Yuba River
(1910)
s Oct 1-26 Jan. 1983 106,600 0.33 9 None Butte Creek

(426)
Jan. 1983 205,000 033 g None Antelope Creek

Feb. 1983 110,200 .. I .,,1.9 ~ None Chico Creek

May 1983 46,550 9 g CWT No. Sacramento River at Vallejo
065836

June 1983 251,500 11 g None Sacramento River at Vallejo

Sept. 1983 336,809 52 g None Feather River at Hatchery

1983 ~ Sep. 1-29 Feb. 1984 212,520 1.7 9 .... None Chie_,~ Creek ,,
~1712)
~ Sep. 29 - Oct. Feb. 1984 199,956 1.8 g None Butte Creek

31 (866)
Feb. 1984 302,733 1.5 g None Antelope Creek

Feb. 1984 261,120 0.7 g None Feather River at Hatchery

Mar. 1984 51,000 7.4 g CWT No. Sacramento River at Vallejo
065846

May 1984 142,400 7.2 g None Sacramento River at Vallejo

May 1984 157,400 9.1 g None Sacramento River at Vallejo

June 1984 652,300 10.5-17.9 g None Sacramento River at Vallejo

June 1984 2,000 5.6 g None Sacramento River at Gtenn-Colusa

Sept. 1984 72,750 28 g None Sacramento River at Vallejo



Table 15. (Continued).

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE

YEAR ENTRY I SPAWN NUMBER
PLANTED

1984 E Sep. 1-Oct. 1 Feb. 1985 76,800 1 2 ~ None Dry Creek
(1562)
s Oct. 1-21 Feb. 1985 77,400 1.3 ~ None Auburn Ravine

(459)
Feb. 1985 77,400 1.3 ~ None Doty Ravine

Feb 1985 96,800 1.2 ~ None Yuba City

Feb. 1985 104,720 0 7 g None Coon Creek

Feb. 1985 100,280 1.0 9 None Secret Ravine

Apr. 1985 53,179 3 3 g CVVT No. Big Chico Creek
B61002

Apr. 1985 52,278 3.4 g CVVT No. Feather River at Feather River Hatchery
B61001

Apr. 1985 32,400 6.2 ~ None Butte Creek

Apr. 1985 50,117 8.4-8.9 g CWT No. Monterey Bay
065853
065854

1984 E Sep. 1-29 Apr. 1985 24,996 7.9 g CWT No. Sacramento River at Vallejo
065855

11712)
Sep. 29-Oct. 31

(866) May 1985 1,100 .... 44 ~j None Feather River

May-June 1985 832,820 106-21.3 g None Sacramento River at Vallejo

Sept. 1985 257,350 28 0 g None Sacramento River at Vallejo



Table 15. (Continued).

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE
YEAR ENTRY / SPAWN NUMBER

PLANTED

1985 E Sep. 1-Oct 1 Mar. 1986 105,868 2 2 g CVVT No. Big Chico Creek
(1632) B61003
s Sep. 30 - Oct. 21
(589) Mar. 19~6 104.895 2 3 ~] CWT No. Feather River at Gridley

B61 OO4

Mar-May 1986 1,372,600 6.3-7.4 g None Sacramento River at Benicia

July 1986 278,600 15.2. g None Sacramento River at Benicia

Aug-Sept. 1986 440,725 18.6-24__.8 g None San Francisco Bay

Oct. 1986 184,800 37 3 g None Feather River

1986 E Sep. l-Oct. 1 Mar. 1987 106,270 4.0 g CVMT No. Big Chico Creek
(1433) B61005
~ Sep. 30-Oct. 21 ....
(408) Mar. 1987 102,279 3.7 g CWT No. Feather River at Hatchery

B61006

Apr. June 1987 1,052,100 7.9-14.4 g None Sacramento River at Benicia

July-Aug 1987 526,090 16.5-20 0 g None Sacramento River at B.enicia/Mare
Island

1987 E Sep.2-Oct. 1 Feb. 1988 60,400 1.7 g None Big Chico Creek

~1213)
Oct.2-19 Mar.-May 1988 803,575 8.4-16 5 g None Sacramento River at Benicia/Berkeley

(208)



Table 15. (Continued).

BROOD HATCHERY DATE PLANTED TOTAL SIZE MARK PLANTING SITE
YEAR ENTRY I SPAWN NUMBER

PLANTED

1988 E Sep. 7 - Oct. 1 Dec. 1988 502,000 0 4 ~ None Big Chico Creek
(6833)
s Sep. 28 - Oct. Dec. 1988 293,000 0.4 ~ None Feather River
13
(1652) Feb. 1989 1,515,500 2.5 g None Mokelumne Hatchery

Apr. 1989 909,200 4.0 ~ None Feather River

Apr.-Aug. 1989 3,910,450 5 8-20.3 g None Sacramento River at Benicia

1989 E Sep. 7- Oct. 1 Jan. 1990 178,500 0.3 g None Feather River
(5078)
s Oct. 4-20 Jan. 1990 150,384 0.7 ~ None Chico Creek

(1520) Jan. 1990           966,500 1.1 ~1 None Mokelumne Hatchery

Apr. 1990 719,000 3 4

Apr.-Aug 1990 2,603,300 10.6-22.4 g None Sacramento River at Mare

1990 E Sep. 7oOct. 1 Feb. 1991 60,000 0.4 ~] None Clear Creek
(1893)s Sep. 28-Oct.13 Mar. 1991 2,00,032 2.4 ~1 None Clear Creek
(580)

June-Aug 1991 1,684,850 14.0-26.3 g None Sacramento River at Benicia

1991 E Sep.7-Oct. 1 Feb_ 1992 201,020 2 1
(3,448)s Sep 28-Oct. 3 Mar. 1992 205,359 3.0-3 5 g CW] No CleaJ Creek
(1491) 0601120101

06O11201O2

May-June 1992 2,198,075 7.7-7.9 g None Sacramento River at Benicia

1992 112,926 2.5 g CWT No. Clear Creek
0601120103
0601120104



populations of spring run be considered introgressed. However, it is important to note that fish
still exhibiting spring-run characteristics (e.g. early ascending and egg maturity) appear at the
FRH. FRH spring run have been documented as straying throughout the Central Valley for
many years (Tables 16 and 17) and have intermixed with wild-spawned spdng run in the upper
Sacramento River, though the extent of hybridization has not been determined. The estimates
of adults returning as "spring-run" at RBDD contain these introgressed FRH fish.

Questions regarding the viability and genetic integrity of the Butte creek spring-run salmon
continue to surface, particularly in light of the interconnectivity of Butte Creek and the Feather
River with the for intermixing of the two populations. Butte Creek has several differentpotential
sources of introduced water, including West Branch Feather River water, mainstem Feather
River water, and Sacramento River water. Given the interconnectivity, it is conceivable that
some spring-run salmon in Butte Creek could be strays from the Feather River. Examination of
the relative numbers of adult spring run entering Butte Creek and FRH, for the period 1964-91,
however, does not show a strong relationship and would suggest that they are generally
independent.

FRH spring-run fry and juveniles have been released over the years in various locations within
the Central Valley (Table 15). Fry and juveniles were released into Butte Creek during 1983,
1984, and 1985 (BY’s 1982, 1983, and 1984 respectively). Only BY 1983 releases seem to
have affected resultant year-classes, showing large increases in BY 1986 and BY 1989. There
was a significant reduction in adult returns for BY 1992 but BY 1995 was the largest observed
(7500 adults) since 1960.

During the 1977 drought, adult spring run were trucked from RBDD to Mill, Deer, and Butte
creeks. No appreciable effect was seen in the subsequent year class (1980) on Butte and Mill
creeks, however there was an apparent single year (1980) increase in the Deer Creek
population. The Yuba River was planted with surplus FRH spring run in 1980 (15,925), 1983
(106,600), and 1985 (96,800). In 1980, fish were planted as fingerlings, weighing 34.4 g. Fry
were planted in 1983 (weighing 0.33 g) and in 1985 (weighing 1.2 g). Influence of these three
introductions on subsequent adult spring-run returns cannot be determined since escapement
surveys were not conducted. The extremely small size of the fish planted in 1983 and 1985
significantly decreased their ability to survive, whereas conclusions cannot be drawn regarding
the success of the 1980 fingerling plants. In 1984, Antelope Creek was planted with 302,733
FRH juvenile spring run. tn 1985, the creek was again planted with 205,000 juveniles.
Presently, there is no persistent population of spring run in Antelope Creek, thus the effect of
hatchery supplementation in this drainage is now irrelevant.

Disease

Few studies have specifically investigated disease problems in wild adult or juvenile spring-run
chinook salmon in California. From hatchery programs at Trinity River Hatchery, CNFH, and the
FRH, it is known that spring run are affected by the same pathogens as other runs of chinook
salmon (W. Cox, pers. com.). For the Sacramento River basin, pathogens which are known to
be endemic and have caused serious health problems in Central Valley hatcheries include
Infectious Hematopoietic Necrosis Virus (IHNV), Renibacterium salmoninarum (bacterial kidney
disease), Yersinia ruckeri (enteric redmouth disease), Flexibacter columnaris (columnaris
disease), Ceratomyxa shasta (ceratomyxosis), Bacterium salmonicida (furnunculosis), and
Ichthyopthirius multifiliis (Cox 1 Adults in months must reside in freshwater993). entering spring
for several months prior to spawning. Health problems, such as external fungal infections,
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Table 16. Recovery of Coded-wire Tagged Fish at Red Bluff Diversion Dam for Years 1995-1997 (CNFH= Coleman National
Fish Ftatchery, FRH= Feather River Hatchery, CIr= Clear Creek, Stew= Stewart Road, Delta.)

Date Brood Race Hatchery Released Date Brood Race Hatchery Released
Captured Year Tagged of Origin At Captured Year Tagged of Origin At

As As

05/28/95 1992 Spring FRH Ctr 07/25/95 1992 Spring FRH Clr

05/28/95 1992 Spring FRH CIr 07/28/95 1992 Spring FRH Clr

05/19/97 1994 Fall CNFH CNFH 07/01/96 1992 Spring FRH Clr

05126197 1993 Fall FRH Ryde 07/15/96 1992 Spring FRH Clr

06106195 1992 Spring FRH CIr 07/15/96 1993 Fall CNFH CNFH

(-/) 06113/95 1992 Spring FRH CIr 07/01197 1993 Fall FRH Ryde

O 06114/95 1992 Fall FRH Ryde 07/08/97 1993 Fall FRH Ryde

< 06127/95 1992 Spring FRH Clr 07108197 1993 Fall CNFH CNFH

, 06103196 1992 Spring FRH Clr 07/15/97 1992 Spring FRH Clr

m 06103197 1994 Fall FRH Stew 07/17/97 1994 Fall CNFH CNFH

~
06109197 1993 Fall CNFH CNFH 07/20/97 1993 Fall CNFH CNFH

06/27197 1993 Fall CNFH CNFH 07/21/97 1992 Spring FRH Clr

07/07/95 1992 Fall FRH Ryde 07130197 1994 Fall CNFH RBDD

07109195 1992 Fall CNFH CNFH 08102/95 1992 Spring FRH CIr

07110/95 1992 Spring CNFH CIr 08/15/95 1992 Spring FRH Clr

07/10/95 1992 Spring FRH CIr 08/07/97 1994 Fall CNFH CN,FH

07117195 1992 Spring FRH Cl~ 08/08/97 1993 Fall CNFH CNFH

07117/95 1992 Spring FRH Clr 08114/97 1993 Fall CNFH RBDD

07/17/95 1992 Fall CNFH CNFH 08/15/97 1993 Fall CNFH CNFH

07117195 1992 Spring FRH CIr 08121/97 1994 Fall CNFH RBDI)

07122/95 1992 Fall CNFH CNFH 09/05/97 1993 Fall CNFH CNFH



Table 17. Summary of Recovered Coded-wire Tagged Feather River Hatchery Spring-run Chinook Salmon Released Into the Upper
Sacramento River System from 1976 through 1996.

NUMBER RELEASED                                                                   NUMBER RECOVERED AT LOCATION

~107        1976     F~mlh~r River    90,825        1,854       ~, ~7~         ln77           2                                    1                                                                            1

lq "n 3 56 8 3 67

10~ 4 1 5~ 23 12 94

~5811 1978 Feather River 54.700 2.811 57,511 1979 2 1 1

1980 3 1 10 1 12
~

10~981 4 1 7 2

~5812 1979    Feather River    50046 3754 53800 1979 2 3 1 25 1 30

19~0 3 1 5 56 3 1 66 ~

1981 4 1 29 1 1 32 ~

B61~1      7985 Fearer Ri~r    48616      3662      52278        1986         2                                   30    2                                                 32              ~

1987 3 14~ 2 1 1 1 154 I

1~88 4 25 25
~

B61002 1985 B~ Chi~ 47908 5271 53179 19~9 5 1 1

Cr~k

BR1003 1986 Big Chi~ 98034 7834 105868 1987 2 3 3

Cr~k
1988 3 3 1 4

1989 4 2 1 3

~4 ~ ~¢a~ gi~t 1~ 41~ 104895 1987 2 29 1 1 31

Recovery Locations: CLR - Clear Creek; CNFH - Coleman Hatchery; BAT - Battle Creek; RBDD - Red Bluff Dam; TCFF - Tehama-Colusa Fish Facility;
FRH - Feather River Hatchery; FEA - Feather River; YUBA - Yuba River; NBFH - Nimbus Hatchery; AMN - American River;
MRFI - Mokelumne River Hatchery; TUO - Tuolumne River; MRFF - Merced River Hatchery; UNK - Unspecified;



Table 17. (Continued).

-’- NUMBER RELEASED NUMBER RECOVERED AT LOCATION
  CODE IY..OFI .EL.SE I YEAROF

......... Tnf~l R F(’.~VF Ry I~F ~I’~VF RY

1988 3 307 14 321

1989 4 27 10 37

1990 5 1 1

B61005 1987 B~g Chzco 102531 3739 106270 1988 2 2 1 3

Creek
1989 3 3 2 9 1 15

1990 4 1 1

B61006 1987 Feather Rwe~ 98392 3887 1022;’9 1988 2 8 8

1989 3 110 7 117

1990 4 25 25

~ 0601120101 1992 Clear Creek 52626 50954 103580 1993 2 2 2 ,~-
..~ 1994 3 I 1 2 4

~" 0601120102 1992 Clear Creek 50859 50920 101779 1993 4 1 1            14")

~ 1994 5 2 2
{%1

f~ 0601120103 1993 Clear Creek 48416 7750 56166 1994 1 1

-,
(:~ 0601120104    1993    Clear Creek    50789 5971 56760 1994 1 2 3

Recovery Locations: CLR - Clear Creek; CNFH - Coleman Hatchery; BAT - Battle Creek; RBDD - Red Bluff Dam; TCFF - Tehama-Colusa Fish Facility;
FRH - Feather River Hatchery; FEA - Feather River; YUBA - Yuba River; NBFH - Nimbus Hatchery; AMN - American River;
MRFI ~ Mokelumne River Hatchery; TUO - Tuolumne River; MRFF - Merced River Hatchery; UNK - Unspecified;



protozoan, viral, and various gram-negative bacterial infections, encountered while holding
winter-run chinook adults for two to five months at CNFH, may be similar to those facing spring-
run adults due to their overlap in spawning migration time and extended holding behavior.
Warm water can exacerbate a number of salmonid diseases (¢olumnaris, furnunculosis,
Ichthyopthidus infection, external fungal infections, enteric redmouth disease, and others) and
can seriously reduce adult pre-spawning survival (Becker and Fujihara 1978, Inglis et al. 1992).

(~ratomyxosis
Adult spring-run chinook salmon entering the Sacramento River can be exposed to the intestinal
parasite Ceratomyxa shasta, a pathogen which may cause pre-spawning mortality in adults due
to severe enteritis. This adult and juvenile salmon pathogen is known to be endemic to the
Sacramento, Mokelumne, and Feather rivers, as well as Butte Creek (Hendrickson et al. 1989).
Warmer water temperatures will accelerate the progress of ceratomyxosis (Udey et al. 1975)
and through stress mechanisms reduce the immune defenses of the fish (Maule et al. 1989).
Winter-run chinook adults captured in spring and early summer from both the upper Sacramento
River and Battle Creek have been observed to have a 27% to 50% incidence of Ceratomyxa
shasta infection (USFVVS, CA-NV Fish Health Center Inspection Records 1993 -97). Up to 40%
of these infected fish were judged to be in later stages of this lethal disease. One presumptive
spring-run adult sampled at the Battle Creek trap in 1997 was also infected with this enteric
parasite. How and to what degree the disease affects juveniles which pass downstream and are
exposed to the disease is not well known. Ceratomyxa shasta was not observed in histological
samples taken from juvenile fall-run out migrants collected at Knight’s Landing (primarily CNFH
fish) and Chipps Island (unidentified origin) in April of 1996 and 1997.

Bacterial Kidney Disease (BKD)
Renibacteruim salmoninarum is the causative agent of BKD, which affects salmonid fishes
worldwioe. Infections tend to be chronic and often are lethal for Pacific salmon. This pathogen
has been associated with mortality in both wild and hatchery chinook juveniles in the Columbia
River basin (Elliott and Pascho 1992). Severe infections have been diagnosed in wild winter-run
adults used as broodstock at CNFH. There was a 10% to 40% incidence of infection for the
period from 1993-95. Of the eight presumptive spring-run adults tested by the CA-NV Fish
Health Center for the R. salmoninarum antigen, only one fish had antigen concentrations
indicative of an active infect~o,~

Fun~aal a_aents
External fungal (Sapro/egnia sp.) infections are the most serious cause of spring-run chinook
salmon pre-spawning loss ~n Pacific Northwest hatcheries and probably affect wild spring-run
chinook in California waters Immunosuppression associated with senescence is a major factor
in external fungal infections ~Nash of fish at weirs for other1977). Rough handling tagging or
purposes, or in hatchery programs, could predispose these fish to fungus and place them at high
risk for prespawning

!~osette A_~ent
A systemic protist called the rosette agent" was detected in captive winter-run chinook salmon
at the BML in 1993. These fish had been transferred from CNFH in 1992. It appears that the
infectious stage of the rosette agent is associated with the Battle Creek watershed (S. Foott,
pers. com.). Even in the W=mer-run Adult Captive Broodstock Program at BML where adults are
held for a couple of years~ the disease affected the health of only a few individuals and no
debilitating infections have been observed for the last two years. After three years of intensive
monitoring of returning adult salmonids to CNFH, it appears the rosette agent is mostly
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I
associated with hatchery-origin late-fall-run chinook (20% to 30% incidence of infection). The Iparasite has been detected in only one fall-run adult and not in any of the 13 winter-run returns
examined in 1997. It is likely that there is a late spring through summer se.asonality to the

of the infectious stage which would influence which runs are exposed to the parasite.presence
The chronic nature of the infection is such that detection of the rosette agent has only occurred
in CNFH chinook after 18 months of captivity. The overall effect on infected individuals released
to the wild or on wild-spawned fish (any of the four runs of Central Valley chinook salmon) is ¯
unknown.

Infectious Hemato_ooietic Necrosis Virus (IHNV) ¯
It is unknown to what degree IHNV is a problem for wild spring-run chinook salmon. All runs of
Sacramento River salmon are considered to have a high incidence of the disease (W. Wingfield,
pers. com.). The virus has been detected by the USFWS in unmarked salmon adults captured ili
in the Keswick fish trap in 1993. It was unknown whether the adults were fall- or spring-run
salmon. Investigations of fall-run carcasses and swim-up fry in Battle creek have shown that
while carcasses shed the virus, no virus was detected in the fry. The USFWS also examined
naturally-spawned fall-run outmigrants in 1992 and 1997 for signs of infection. None was ¯
detected. It also does not appear to be a significant problem in naturally spawned salmon fry
within the Battle Creek watershed. Overall, it may be that IHNV is less common in naturally-
spawned salmon juveniles within the Sacramento River system than previously suspected. ¯
IHNV infection is principally a problem in hatchery production where high density conditions
cause amplification of the disease. FRH detected IHNV in March 1998, for the first time in 15
years. For CNFH, it is expected that installation of the new ozone water treatment system will ¯
reduce the incidence and potential transmission of this disease from anadromous adult fish in
the water supply to the production fish.

possibility of an epizootic occurrence in fall-run production (with subsequent release IThere is the
of infected juveniles) infecting wild juvenile spring run. Infected hatchery production would be
released in March-May, a time when juvenile spring run can be expected to still be moving
downstream through the Delta. In such a case, infected hatchery production could transfer the
disease to naturally-spawned outmigrating juveniles of all runs in the system. Transmission of
IHNV from adults to highly susceptible progeny has been found to cause significant mortality
(Wolf 1988). Latent IHNV infections are commonly expressed in maturing salmon, but do not ¯
appear to affect their health (Mulcahy et al. 1984).

Predation
I

Predation may be a factor in the decline of spring-run chinook salmon. Predation occurs
throughout the migratory pathway of spring-run chinook salmon, both the river and ocean
phases of its life cycle. Predation is a natural phenomenon and would not normally be ¯
considered a significant cause of decline to spring-run chinook salmon. However, there are
examples wl~ere predation has been enhanced or intensified by human activities.

Avian predators include cormorants, gulls, terns, mergansers, snowy egrets, herons, and osprey
(USBR 1983). Native fish predators include squawfish, prickly sculpin, and steelhead. Other
fish predators of spring-run salmon include introduced species such as striped bass, white ¯
catfish, channel catfish, American shad, killifishes, smallmouth bass, and largemouth bass.
Marine mammal predators include harbor seals, sea lions, and killer whales (NMFS 1997).
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There are specific locations where predation has become a significant problem. Predatory fish
are known to congregate around structures placed in the water, where they maximize their
foraging efficiency by using shadows, turbulence, and boundary edges (Cooper and Crowder
1979: as cited in Kano 1987). These structures include dams, bridges, diversions, piers, and
wharfs (Stevens 1961, Vogel et al. 1988, Garcia 1989, Decoto 1978). On the Sacramento River,
losses to predation occur at RBDD and the Glenn-Colusa Irrigation Distdct (GCID) diversion
facility. On the Yuba River losses to predation occur at the Hallwood-Cordua Diversion and at
the South-¥uba Brophy diversion. In the southern Delta the water diversion structures at the
State Water Project (SWP) and CVP pumping plants also concentrate predator species.

Overall mortality on spring run due to predation at RBDD is probably low. Predation of juvenile
chinook salmon at RBDD occurs primarily when the gates are lowered, Lake Red Bluff has filled,
and downstream migrants pass through the fish protection facilities at the Tehama-Colusa Canal
headworks, or go under the gates. The gates are lowered between May 15 and September 15
each year at the latter part of the juvenile emigration period. It takes a while for the predators to
congregate and most juvenile spring run are likely not affected. Juvenile spring run that migrate
downstream in winter and early spring encounter RBDD when the gates are still raised and
experience near normal river conditions.

The GCID diversion near Hamilton City is one of the largest irrigation diversions on the
Sacramento River. Predation at this diversion is likely to be more intense in the spring when
squawfish are migrating upstream, juvenile fish are migrating downstream, and irrigation
demands are high. Predation may be significant in the oxbow at the GCID diversion, although
several improvements have been made recently (P. Ward pers. com., Vogel and Marine 1995).
Predation also occurs in the bypass system (P. Ward pers. com.)

On the Yuba River, juvenile salmonids which pass over Daguerre Point Dam can become
disoriented by the hydraulic conditions created by the spillway, increasing their vulnerability to
prectators. "l’he pool directly below the dam attracts and concentrates predators, which results in
increased predation. Juveniles entering the Hallwood-Cordua Diversion encounter predators
concentrated in the channel between the dam and fish screen. Sacramento squawfish
examined during predator control evaluations at the Hallwood-Cordua fish screen contained
remains of satmonids (Kano 1987). Juveniles entering the South-Yuba Brophy Diversion
encounter predatory fish in the 1.6 acre pool in front of the rock weir. Exposure to predation
there may be exacerbated because in excess of 90% of the flow entering the diversion passes
through the gabions, with insufficient sweeping flow to return fish to the river.

The USFWS found that more piscivorous predators, such as squawfish and prickly sculpin, were
found at rock revetment bank protection sites between Chico Landing and Red Bluff than at
naturally eroding bank sites (Michny and Hampton 1984). More juvenile salmon were found
adjacent to eroding bank habitat with riparian vegetation than at riprapped sites. Chinook
salmon prefer habitat with cover, both overhead and submerged, because it provides a refuge
from predators and it provides a major food source (terrestrial insects). Loss of this habitat to
rock revetment bank protection may enhance predation.

The ecology of the Delta and the Sacramento River system has been significantly altered by the
introduction of exotic fish and invertebrate species. The effects of these introductions on spring-
run chinook salmon abundance and distribution have not been quantified. Based on the
available information, striped bass, American shad, and white catfish are the principal predators
within the Delta on juvenile salmon. Striped bass were introduced into the Sacramento-San
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i
Joaquin estuary in 1879. Both striped bass and chinook salmon were at high levels in the late
1960s and early 1970s. In recent years both species have experienced a decline in abundance.
However, naturally produced chinook salmon has had a greater decline.

Between October 1976 and November 1993, the Department conducted ten mark/recapture
experiments at the SWP’s Clifton Court Forebay (CCF) designed to estimate pre-screen loss
(which includes predation) of fishes entrained to the forebay (Gingras 1997). Eight of these
experiments involved hatchery-reared juvenile chinook salmon. Pre-screen loss rates for
juvenile fall-run chinook salmon ranged from 63%-99% and for late-fall-run chinook salmon they
ranged from 78%-99%. Predation by striped bass is thought to be the primary cause of pre-
screen loss in CCF (Gingras and McGee 1997). Mark/recapture estimates of predator-sized
stdped bass suggest that they are abundant in CCF (CDFG in prep). However, recent telemetry
studies of striped bass emigration from CCF indicate that the forebay is an open system in which
many adult and sub-adult striped bass move through the radial gates over short periods
(Gingras and McGee 1997). Such movement violates the assumption of negligible immigration
and emigration. Therefore, the abundance estimates based on mark/recapture methods are not
valid.

Predation studies have also been conducted at the release sites for fish salvaged from the SWP
and CVP Delta pumping facilities (Orsi 1967, Pickard et al. 1982 ). Striped bass and squawfish
were the primary predators in the Delta. They were more abundant and had more fish remains
in their gut at release sites than at the nearby control sites.

The Department conducted predator sampling at the Suisun Marsh Salinity Control Structure
from 1987-93 and found that the striped bass population had increased dramatically (DWR
1997). The increased predator population at the salinity control structure implies a higher rate of
predation. Sampling of juvenile chinook salmon both upstream and downstream of the gates in
1993 indicated there may be loss associated with the structure. Data from a follow-up study in
1994 (DWR 1997) did not corroborate this, but the study design may have precluded obtaining
clear results.

The Department is implementing the State’s Striped Bass Management Program, with the goals
of stabilizing and restoring the striped bass fishery, and restoring and improving habitat for
striped bass and other aquatic species in the Delta ecosystem (CDFG 1995). This program has
the potential to increase predation on species listed under the ESA. The Department will
operate the program with an incidental take permit from NMFS and USFWS pursuant to Section
10(a)(1)(B) of the ESA, as amended. The permit will authorize take of winter-run chinook
salmon, steelhead trout, Delta smelt, and Sacramento splittail. The Department has submitted a
Conservation Plan (CP) that estimates the level of incidental take expected to occur dudng
proposed activities, and specifies how the impacts of the taking will be minimized, mitigated, and
monitored. The Department has also drafted an Environmental Assessment (EA) for use by the
Federal agencies that analyzes environmental impacts associated with the issuance of an
incidental take permit and implementation of a CP. The EA addresses the listed species as well
as candidate or proposed species for Federal or State-listing, including spring-run chinook
salmon and fall-run chinook salmon.

The Department proposes stocking a combination of striped bass salvaged from the SWP and
CVP fish screens and those reared in floating net-pens for a period prior to release, as well as
striped bass cultured and reared in hatcheries. The goal is to subsequently stabilize the stdped
bass population at the 1994 level. Through successful implementation of the CP, the
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Department estimates that 0.5% to 1.0% of the juvenile spring-run chinook salmon may be
incidentally taken annually due to predation by stocked striped bass (CDFG 1997).

Ocean predation by marine mammals is a natural phenomenon; however, the extent and impact
of this type of pf’edation is unknown. Hart (1987) cites several studies that have found increased
abundance of harbor seals in estuaries coincident with seasonal anadromous fish runs. In
addition, studies have found that harbor seals are more proficient at capturing salmon confined
in estuaries and river systems. Some research on predation rates is available from the Klamath
River estuary and the Russian River estuary. During seining and tagging operations for adult
salmon by the Department on the lower Klamath River, Stanley and Shaffer (1995) found that
the feeding activity of harbor seals was significantly higher on days that seining occurred than on
days when no seining occurred. Over five years of study (1978-82) the estimated percentage of

constant, ranging from 3.1% to 5.5%. Similarly, Hartseined fish takenbyseals was relatively
(1987) reported predation rates of 3.6% and 7.9% on the tagged adult salmon migrating
upstream in 1981 and 1982, respectively, from harbor seals on the lower Klamath River. The
predation by harbor seals during these seining and tagging activities may be explained by the
opportunistic feeding strategy of harbor seals. The noise of seining activity, the splashing of
entrapped fish, and the acute hearing of seals may enable them to focus in on large
concentrations of fish (Hart 1987). Upon release the tagged fish are still in a stressed state and
may be more vulnerable to predation.

Harvest

Ocean fishery management and evaluation
Central Valley chinook salmon, primarily Sacramento River fall run, comprise the majority of the
salmon harvested in the ocean fisheries off California, The Central Valley Index (CVI) has been
used to evaluate Central Valley chinook salmon abundance since 1970. It is the sum of all
chinook landings in the ocean fisheries south of Point Arena and the Central Valley adult
chinook spawnlng escapement for the same year. The CVI has ranged from a low of 323,100 in
1992 to a high of 1,312,000 in 1995 (PFMC 1998). Harvest is evaluated by the Central Valley
Ocean Harvest Index, which is the total ocean chinook harvest as a percentage of the CVI. The
Harvest Index has ranged between 50% and 79% since 1970 (Figure 31).

Sacramento R=ver fall-run chinook, which comprise approximately 90% of the Central Valley
chinoo-: salmon spawning escapement, is one of the principle salmon populations by which
ocean salmon fisheries south of Cape Falcon (in northern Oregon) are managed under the
salmon Fisheries Management Plan (FMP) as authorized, by the Federal Magnuson-Stevens
Fishery Conservation and Management Act. Based on the FMP, each year the ocean salmon
fisheries off and California must be to that 122,000 to 180,000 adultOregon managed ensure
fall-run chinook salmon return to spawn in the Sacramento River and its tributaries. Other
chinook salmon stocks on which California’s’s ocean salmon fisheries are managed under the
FMP include, Klamath River fall-run chinook and salmon stocks listed under the ESA, such as
the endangered Sacramento River winter-run chinook, the threatened coho salmon populations
that originate in coastal rivers from Monterey Bay into southern Oregon, and the endangered
Snake River fall-run chinook from the Columbia River basin. Management measures include
time and area closures, seasonal quotas, minimum sizes, specific fishing gear restrictions, and
maximum allowable take (e.g. daily bag and possession limits). California’s recreational and
commercial ocean salmon fishing regulations for the years 1996-1998 are in Appendix C.
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Coded-wire tags (CWTs) have been used to mark Pacific salmon since the mid-1970s.
Whenever a tagged fish is recovered as part of a sampling program, the tag is extracted and the
code deciphered. By referring to the CW’I" database (maintained at the Pacific States Marine
Fisheries Commission’s Regional Mark Processing Center in Gladstone, O~egon), the fish’s
origin, BY, size of release group, and other information can be determined. When tagged fish
are recovered through a statistically appropriate, randomized sampling program, an estimate
can be made of the total occurrences of that particular release group in all of the fish caught..
The composition of Central Valley runs in the ocean landings cannot be extrapolated from the
CWT recoveries from landed fish because of inadequate and inconsistent tagging rates among
released hatchery fish and naturally produced fish. CWT recovery data are used in conjunction
with the number of tagged fish released to estimate the rate of recovery by individual tag code.
Recovery rates provide a means of relative comparison between age-classes and between runs.

The only ocean cw-r recoveries for Sacramento River spring-run chinook salmon are from
releases of fish produced at FRH, which are designated as "spring-run chinook." Because of
evidence of intermixing of fall run and spring run in the hatchery (as discussed elsewhere in this
report), the,’e is a question as to whether FRH spring run are an appropriate surrogate for
evaluation of the effects of ocean harvest on wild Sacramento River spring-run chinook. Tagged
releases of FRH spring run date from 1975, and occurred during 11 of the 20 years through
1994. These releases ranged in number from about 40,000 fish to more than 200,000 fish
(Table 18 and Figure 32). Recent (1995 BY) tagged releases included approximately 14,450
wild fish from Butte Creek. and 160 and 780 wild fish from Mill and Deer creeks, respectively.
None of these 1995 releases has been recovered in the ocean fisheries as of the end of the
1997 sport and commercial seasons

All salmon, identified by the missing adipose fin, observed in the sport and commercialtagged
ocean harvest are measured at the dock before the head is removed to be taken to the lab for
tag extraction. Based on the FRH spring-run chinook recovered in California’s ocean fisheries
from 1978 through 1997. average total length (TL) by month for February through November for
ages 2-4 fish are shown in Figure 33 with comparable data for Central Valley fall-run chinook
ocean recoveries. FRH age-.2 fish range in size from 20.7 inches to 23.5 inches TL, reach their
greatest size during the months of July through September, and are slightly larger in size
compared to age-2 Central Valley fall-run chinook. The average monthly TL of age-3 FRH
recoveries are between 24.5 and 29.6 inches, and tend to be somewhat less than age-3 fall
chinook, especially in the early spring and fall months. The average monthly TL of age-4 FRH
fish recovered in the ocean fisheries range from a low of about 26 inches to a high of nearly 34
inches TL during June and July, and like age-3 recoveries, tend to be somewhat smaller than
similar aged Central Valley fall-run chinook during the spring and fall months. Ocean tag
recoveries of FRH spring run for the 1,~78-97, expanded for sampling rates, total moreyears
than 12,700 fish. In comparison, expanded tag recoveries of Central Valley fall-run chinook
harvested by the ocean fisheries total more than 255,000 fish (Table 19). Although FRH spring-
run tags were occasionally recovered from ocean landings as far north as British Columbia, the
vast majority were recovered in California. Almost 78% of the total recoveries were from
landings at ports from Bodega Bay to Monterey (Figure 34). Hatchery tag recoveries are not
complete and there are no in river monitoring programs for angler catch and spawning areas.
Therefore, comprehensive analysis of harvest impacts is difficult.

Using a subset of the available CW’I- recovery data for the FRH spring-run chinook, Cramer and
Demko (1997) were able to construct a cohort analysis to estimate, by age, such population
parameters as survival rates, harvest rates, and maturity rates. They limited their data to the six
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Table 18. List of Central Valley Spring-run Chinook Salmon Coded-wire Tagged Releases (PFMC 1998).

Tag Code Tag Run-Spec Bd Agy Rel Hatchery Release-Site Name First Last #    Ad-Clp Unmarked
Typ Yr Release Release TaXI,led Only Fish

060107 0 Spri Chin 75 CDFG FEATHER R H. FEATHER R H. 7612 7612 90,825 1,854
0601080408 3 Spri Chin 95 CDFG (VVILD) DEER CREEK 960501 961205 782
0601080409 3 Spri Chin 95 CDFG (VVILD) MILL CR (TRIB SACR) 960502 961119 157
0601120101 3 Spri Chin 91 CDFG FEATHERR H. CLEAR CREEK 920320 920320 52,626 966 49,988
0601120102 3 Spri Chin 91 CDFG FEATHER R H CLEAR CREEK 920320 920320 50,826 966 49,987
0601120103 3 Spri Chin 92 CDFG FEATHER R H CLEAR CREEK 930322 930322 48,416 7,750
0601120104 3 Spri Chin 92 CDFG FEATHER R H. CLEAR CREEK 930322 930322 50,789 5,971
065809 0 Spri Chin 76 CDFG FEATHER R H FEATHER R H. 7712 7801 71,105 2,963
065811 0 Spri Chin 77 CDFG FEATHER R H YUBA CITY 781221 781,226 54,700 3,014
065812 0 Spri Chin 77 CDFG FEATHER R H GRIDLEY 790125 790126 50,046 2,401 3,754

065828 0 Spri Chin 81 CDFG FEATHER R H CALIF MARIT ACAD. 820517 820517 40,776 6,474
065836 0 Spri Chin 82 CDFG FEATHER R H CALIF MARIT. ACAD 830527 830527 42,593 3,957
065846 0 Spri Chin 83 CDFG FEATHER R H. CALIF MARtT ACAD 840522 840522 48,552 2,448
065853 0 Spri Chin 84 CDFG FEATHER R H MONTEREY MINOR PORT 850423 850423 19,533 5,381
065854 0 Spri Chin 84 CDFG FEATHER R H, MONTEREY MINOR PORT 850423 850423 19,183 5,959
065855 0 Spri Chin 84 CDFG FEATHER R H. CALIF MARIT ACAD. 850425 850425 22,321 2,675
B61001 2 Spri Chin 84 CDFG FEATHER R H FEATHER R HATCHERY 850401 850401 48,614 3,662
B61002 2 Spri Chin 84 CDFG FEATHER R H BIG CHICO CREEK 850401 850401 47,908 5,271
B61003 2 Spri Chin 85 CDFG FEATHER R H BIG CHICO CREEK 860317 860317 98,034 7,834
B61004 2 Spri Chin 85 CDFG FEATHER R H, GRIDLEY 860317 860317 100,699 4,196

B61005 2 Spri Chin 86 CDFG FEATHER R H BIG CHICO CREEK 870303 870303 102,531 3,739
B61006 2 Spri Chin 86 CDFG FEATHER R H. FEATHER R H. 870303 870303 98,392 3,887
B61201 2 Spri Chin 95 CDFG (VVILD) BUTTE CREEK 960104 960125 5,259 1,339
B61202 2 Spri Chin 95 CDFG (VVILD) BUT-rE CREEK 960125 960316 5,892 1,501
B61203 2 Spri Chin 95 CDFG (WILD) BUTTE CREEK 960322 960407 68 17
B61204 2 Spri Chin 95 CDFG (~NILD) BUTTE CREEK 960408 960429 132 33
B61205 2 Spri Chin 95 CDFG (WILD) BUTTE CREEK 960504 960605 168 43
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Table 19. Number of Coded-Wire Tag Recoveries (Expanded for Sampling) for Feather River Hatchery Spring-Run Chinook and
Central Valley Fall-Run Chinook in California’s Ocean Fisheries for 1978-97, by Brood Year and Age Class.

SPRING FALL
~OOD

AGE-2 AGE-3 AGE-4&5 AGE-2 AGE-3 AGE-4&5YEAR TAGGED TAGGED
RELEASE

SPORT .TROLL SPOR’T "TROLL SPOR’T TROLL
RELEASE

SPORT TROLL SPORT TROLL SPORT I TROLL

1.~75 9o.8~5 229 402 20 163 .~o,~.661 676 4,255 64 471

!97~ 71.1 o.~ 428 1,398 1,441 32 162 975.132 511 1,425 3,354 23 392

1977 lO4.746 18 10 220 438 5 69 666.797 1,601 184 1,722 11,33 30 514
2

1981. 40,776 15 64 284 13 38 1.298,272 204 20 1,431 4,916 400 1,670 (~

1982 42,593 4 10 112 42 1.338.596 298 10 935 3,284 30 469 ~

1983 48,5~2 177 6 135 855 5 73 1,380,002 1,563 134 2,566 9,633 140 862 ~

19B,~ 157,559 136 7 151 818 16 156 1.438.839 1,260 93 2,017 10,33 78 9389 r
1985 198,733 94 10 78 932 51 80 1.840.686 2,787 273 2,748 23,57 287 1,720 13

4

1986 200,923 96 20 165 632 9 13 1,341.733 669 127 1,939 7,123 204 537

1991 lo3,452 11 10 71 4 3 1,536,521 310 32 685 2,184 74 210

1992 99,2o~ 56 281 407 19 15 1.547,oo6 1,142 176 3,733 6,987 259 559

Total 1,158,469 1,035 53 2,741 6,392 174 814 14,268,245 10,34 1,049 19,87 86,98 1,589 8,342
5 7 1
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CWT groups released at or near the hatchery, although a total of 16 CWT groups was released
from the 1975-91 broods To use these data in a cohort analysis, they had to assume that the

and in-river recoveries were complete for those cohorts. Given the absence of anhatchery
alternative marked spring-run population to evaluate, FRH spring run is considered a surrogate
for evaluation of ocean fisheries’ impacts on wild Sacramento River spring-run chinook salmon
based on the catch timing in the recreational fishery and the availability of Cramer and Demko’s
cohort analysis.

Spring-run adults are known to enter their spawning tributaries within the Sacramento River
system as early as mid-February. In contrast, Central Valley fall-run adults do not enter the river
until August. Therefore, a larger proportion of the total annual landings of mature (~age-3 fish)
spring run would be expected to occur during the early spring months, compared to fall run.
Table 20 and Figure 35 show that 68% of the total annual harvest of age-3 FRH spring run
occurred during the months of February through April, compared to 41% for the fall run.
Approximately 59% of the annual harvests of age-4 FRH spring run occurred during February
through April compared to 27% for fall run for the same 20-year period (Figure 36).

The timing of FRH spring-run chinook CWT recoveries during the season appears substantially
different from that of Central Valley fall run. Although a similar analysis by Cramer and Demko
(using recoveries from the 1975-86 broods) indicates that the majority of FRH spring-run
landings occur after April, their data include both recreational and commercial landings. The
data used for the present analysis were limited to those CVV’F recoveries from California’s ocean
salmon sport fishery because it opens in late February/early March and better represents the
timing of FRH spring-run chinook landings across the fishing season. With the exceptions of
1983 and 199"7. Californias commercial ocean salmon fishery has not opened south of Point
Arena prior to May 1 since 1979: therefore, it cannot provide catch data for months prior to May
(PFMC 1998).

Ocean Commercial Harvest
Californians have been commercially trolling for salmon since the late 1800s. Commercial
chinook landings in Californ=a since the early 1950s have ranged from 163,400 fish in 1992 to
1,317,200 fish in 1988 (PFMC !998)~ Although commercial landings have shown a general
dechmng trend s=nce the 1960s. 1988 had the highest landings on record (Figure 37). The
commercial harvest compr=ses the majority of California’s total ocean salmon harvest. Although
it ~s unknown what proportion of the commercial harvest includes Sacramento River spring-run,
almost 65% of the FRH tag recoveries in California were from the commercial fishery. The
recovery rate for age-3 FRH fish in the commercial fishery is considerably greater than age-4
fish. This is expected because a high fraction of the population matures at age-3. If spring- and

recovery rates are compared for the period, FRH spring-run rates often exceededfall-runCWT
fall-run rates during the late 1970s and early to mid-1980s. Since about 1988, the recovery rates
for both age-3 and age-4 FtRH fish are either comparable to or substantially less than those of
Central Valley fall run for tr~ose years when recoveries for both runs are available (Table 21, and
Figures 38 and 39). Data for FRH spring-run recoveries for the last seven years are sparse and
limited to age-3 and age-4 recoveries for 1995 and 1996, respectively, from the 1992 BY
release. The FRH age-3 recovery rates in the commercial fishery are based on 6,392 fish; age-
4 FRH recovery rates are based on 814 fish (Table 19). Size of fish harvested in the commercial
fishery is affected by the fishe,w. ’s 26-inch TL minimum size limit.
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Table 20. Proportion of Total Landings for Coded-wire Tag Recoveries from Feather River
Hatchery Spring-run Chinook and Central Valley Fall Chinook in California’s
Ocean Fisheries for 1978-97, by Age-class and Month.

AGE-2                         AGE-3                          AGE-4
MONTH

SPRING                   FALL                   SPRING                   FALL                   SPRING                   FALL

FEB 0.13 0.05 0.12 0.06

MAR 0.01 <0.005 0.30 0.17 0.24 0.09

APR 0.01 0.25 0.19 0.23 0.12!

MAY 0.05 0.03 0.06 0.11 0.11 0.12

JUN 0.08 0.11 0.12 0.18 0.23 0.23

JUL 0.24 0.35 0.10 0.21 0.06 0.29

AUG 0,18 0.26 0.02 0.07 0.07

SEP 0.05 0.13 0.01 0.02 0.01

OCT 0.27 0.09 0.02 0.01 0.01 0.01

NOV 0.12 0.02 0.01 <0.005

!
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Table 21. Coded-wire Tag Recovery Rates for Feather River Hatchery Spring-run Chinook Salmon and Central Valley Fall-run
Chinook Salmon in California’s Ocean Fisheries for 1978-97, by Age-class and Year of Recovery.

RECREATIONAL COMMERCIAL

YEAR AGE-2 AGE-3 AGE-4 AGE-2 AGE-3 AGE-4

SPRING FALL SPRING FALL SPRING FALL SPRING FALL SPRING FALL SPRING FALL

1978. 0.0060 0.0005 0 0025 0 0008 0.0002 0.0044 00047 0.0015

1979 0 0002 0 0024 0 0197 0 0015 0 0002 00001 0 0001 0.0003 0.0203 00034 0.0018 0.0005

1980 0 0002 0 0021 0 0026 0 0004 <0 00005 <0 00005 0.0042 00170 0 0022 00004

1981 0 0014 0 0007 0 0001 <0 00005 0.0001 0 0071 0.0007 00008

1982 0 0016 0 0014 0 0001 0 0002 0.0111 0.0011

1983 0.0004 00002 00012 <0 00005 <0.00005 0.0055 0.0004

1984 0.0001 0.0002 0.0016 0 0011 00001 <000005 0.0070 0.0038 0_0006

1985 0.0036 0.0011 0.0002 0.0007 0 0003 0.0003 0.0001 0 0001 0.0026 00025 0.0009 0.0013

1986 0.0009 0.0009 0.0028 0.0019 <0 00005 0 0001 00001 0.0176 0.0070 0.0003

1987 00005 00015 0.0010 0.0014 0 0001 0.0001 0.0001 0 0002 0.0052 0.0072 0.0015 0.0006

1988 0.0005 0.0005 0.0004 0 0015 0.0001 0 0001 0 0001 00001 0.0047 0.0128 0.0009 00007

1989 00008 0.0008 0 0015 0 0002 0 0002 0.0001 0.0031 0.0053 0.0004 0.0009

1990 0.0005 0 0011 0 0001 0.0002 <0 00005 0.0048 0.0001 00004

1991 00001 00006 0 0001 <0 00005 00024 0.0001

1992 0.0003 0.0002 <0 00005 <0.00005 0_0007 0.0001

1993 0.0001 0.0002 00006 <0 00005 <0.00005 0.0018 0.0001

1994 0.0006 0.0007 0.0001 0.0005 0.0001 0.0001 0.0007 0.0014 00003

1995 0.0012 00028 0 0024 <0.00005 <0.00005 0.0041 0,0045 <0.00005 0.0001

1996 0.0001 00018 0 0002 0.0002 <000005 0.0031 0.0005

1997 0.0006 0.0019 0.0002 0.0001 0.0048 0.0004
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Figure 39. Central Valley age-4 chinook salmon ocean commercial troll CWT recovery rates. 1978-97, by year
(California only).



!
Ocean Sport Harvest
Both age-3 and age-4 FRH spring-run recovery rates in California’s recreational ocean salmonI fishery exceeded comparable Central Valley fall-run chinook salmon recovery rates during some
of the years prior to 1990. In subsequent years, when recoveries for both runs are available,
recovery rates are similar (Figures 40 and 41). Expanded recoveries for age-2, age-3, and age-

i 4 FRH fish in the recreational fishery total 1,035, 2,741, and 174 fish, respectively (Table 19)..In
contrast with the commercial fishery, where age-2 fish compdse less than one percent of the
FRH spring chinook recoveries (primarily because of the 26-inch minimum size), age-2 fish
comprise more than 26% of the sport harvest of FRH spring-run chinook. As in the commercial
fishery, size of fish harvested in the sport fishery is affected by the fishery’s minimum size limit of
20 inches TL for 1984 through 1995. In 1996, the minimum size was increased to 24 inches TL
south of Horse Mountain to reduce harvest impacts on Sacramento River winter-run chinook,I than fall-run chinook of the same in fact, the minimum size waswhich tendtobesmaller age;
further inol~eased to 26 inches from mid-July through the end of the 1996 season. After the 1996
season, the minimum size was reduced to 24 inches TL, except between Point Reyes and

I Pigeon Point, the area adjacent to (San Francisco) during July and August of 1997, when
anglers were required to keep the first two fish caught (except coho) regardless of size.

I Overall H~rvest Rate
There was variation among the ocean harvest rates estimated by Cramer and Demko (1997) on
the six tagged groups of FRH spring chinook comprising their cohort analysis. Harvest rates on
age-3 fish ranged from 18%-22%; ~on age-4 fish, they ranged from 57%-85%; and on age 5 fish,
they ranged from 97%-100% Cramer and Demko concluded that fish maturing at age-5 have
little chance of surviving the ocean harvest, since the rates were cumulative over the number of

i years that a fish was in the ocean. Therefore, it appears that the ocean fisheries may have a
significant impact on Sacramento River spring-run chinook. The absence of CW’T recoveries in
the 1996 and 1997 seasons from any of the Sacramento River spring-run releases, either
hatchery or wild, when management measures for Sacramento winter-run chinook were

i implemented (which may be expected to reduce harvest impacts on spring-run chinook to some
degree) is problematical.

I Inland Sport Harvest
Sportfishing regulations (Appendix D) for the mainstem Sacramento River were instituted to
protect the State and federally listed Sacramento River winter-run chinook salmon. Existing

i regulations protect a portion of the spring-run adults from legal exploitation in the Sacramento
River. However, due to the different adult migration timing for the two runs, ex=sting regulations
may allow some spring run to be harvested. The Sacramento River from the Deschutes Road
Bridge to Bend Bridge (approximately five miles upstream from the town of Red Bluff) is open to
fishing from August 1 14, with and possession limit of two salmon.throughJanuary a daily bag
From January 15 through July 31 the daily bag and possession limit is zero salmon. Spring-run
salmon in this reach could be vulnerable to take from August 1 through mid-October, when

I winter-run adults are no longer present. The Sacramento River from Bend Bridge to the
Carquinez Bridge (includes Suisun Bay, Grizzly Bay, and all tributary sloughs) is open from July
16. through January 14, with a daily bag and possession limit of two salmon. From January 15

I through July 15, the daily bag and possession limit is zero salmon. Spring-run salmon in the
upper reach of the Sacramento River below Bend Bridge could be vulnerable to take from July
16 through mid-October, when winter-run adults are no longer present.

It should be noted that for the protection of winter-run chinook salmon, regulations prevent
removal of any salmon incidentally caught from the water in the reach of the upper Sacramento
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River from the Deschutes Bridge to 650 feet below Keswick Dam during the season closure.
This is because fishing in this reach is open for species other than salmon, and winter-run
salmon could potentially be exposed to incidental catch. There is currently no similar restriction
in place for incidentally caught spring-run salmon in tributary streams.

Salmon may not be taken at any time in any tributary of the Sacramento River below Keswick
Dam in Shasta and Tehama counties, unless specifically authorized in the special fishing
regulations (CCR, Title 14, Section 7.50). However, all tributaries to the Sacramento River
downstream of Tehama County that fall under the general Valley District regulations are open all
year to fishing with a daily bag and possession limit of two salmon. Spring run that may
occasionally use or occur in those waters would be subject to harvest. Department experience
indicates that anglers take advantage of angling opportunities when fish, especially salmon, are
discovered in unlikely waters.

Within Mill and Deer creeks, the lowermost reaches (from the U.S. Geological Service [USGS]
Gage Stations to their confluences with the Sacramento River) are presently open to fishing from
June 16 through September 30 with a zero bag and possession limit for salmon. The majority of
adult spring run returning to these creeks have already ascended upstream by June 16 and are
no longer present in the lower reaches during the proposed fishing season. The upper reaches
are still open to fishing and adults are subject to catch and release impacts.

The upper reach of Butte Creek (Oro-Chico Road upstream to the DeSabla Powerhouse) is
closed to all fishing all year, which protects holding and spawning spring-run salmon. The are~
downstream of the Oro-Chico Road is closed to salmon fishing all year, but open to fishing fc all
other species. This regulation is considered adequate to protect migrating adult spring-run
salmon.

Angling regulations on Big Chico Creek are considered adequate for protecting spring-run
salmon. The reach of Big Chico Creek where adult spring-run holding and spawning occur is
closed to fishing from March 1 through September 30, the time adults are present. During the
remainder of the year, the reach is open with a zero bag and possession limit for salmon. The
lower reach (downstream from the upper end of Bidwell Park) is closed when adult spring run
are migrating, from March 1 through June 16.

Existing regulations for the Yuba River allow the take of spring run Jn the reach below the
Highway 20 bridge and allow a take of two fish per day. This reach is mainly a migration route
for adults to the area above the Highway 20 bridge, which is their primary holding area. The
holding area is open to anghng with a zero bag limit from December 1 through September 30,
when spring-run salmon are holding and spawning. Limited information exists regarding angling
activity for spring run in the Yuba River. Angling surveys conducted by the Department in 1993-
94 indicate that spring run are harvested. There were 27 chinook salmon harvested in June
1993 with anglers expending 108 hours (Wixom et al. 1995). In 1994, there was no fishing
activity during the majority of the spawning migration period (March through July). However, 38
chinook salmon were caught and released in September during initiation of the spring-run
spawning season.

Existing regulations for the Feather River allow the take (two fish per day) of spring run in the
reach below the Table Mountain Bicycle Bridge. Spring-run salmon in this reach would be
vulnerable to take from mid-February through August 30. This area is primarily a migration
corridor to the holding area above the bridge. Limited information exists regarding angling
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activity for spring-run salmon in the Feather River. Angling surveys conducted by the
Department from 1991-94 indicate that anglers are targeting chinook salmon during the period
when run are present in the river. Angler catch during the years surveyed ranged fromspring
zero to 62 fish caught in May and from 128 to 3,737 fish caught in September, with the catch of
salmon generally increasing each month from May through September (Wixom et al. 1995). The
majority of fish caught were not released. It would seem reasonable that Feather River spring
run or other spring-run salmon are the sole run caught early in this time period with a greater
percentage of the catch composed of fall run as the season progresses.

The Feather River from the Highway 70 bridge to a point 100 yards upstream from the
Thermalito Afterbay outlet is open to general fishing all year, with a bag limit of two salmon.
However, it is specifically closed to salmon fishing during the period of October 1 through

in this reach would be vulnerable to take from mid-February toDecember 31. Spring-run salmon
October 1.

The Feather River from a point 100 yards upstream from the Thermalito Afterbay outlet to the
mouth of Honcut Creek is open to general fishing all year, with a bag limit of two salmon.
However, it is specifically closed to salmon fishing only during the period October 16 through
December 31. Spring-run salmon in this reach would be vulnerable to take from mid-February
through October 15.

The Feather River from Honcut Creek to the confluence of the Feather and the Sacramento
rivers is open to fishing all year, with a daily bag limit of two salmon. Feather River spring-run
salmon in th~s reach could be vulnerable to take from mid-February through October 15

Inland HarvestIllegal
Poaching of spring-run salmon undoubtedly occurs at fish ladders and other areas where adult
salmon are concentrated, such as pools below dams or other obstructions. Mill, Deer, and Butte
creeks as well as other tributary spring-run adult populations, are also vulnerable to poaching
during the summer holding months because of the long period in which adults occupy relatively
confined areas The significance of illegal fishing to the spring-run salmon adult population in
freshwater, however, is unknown.

Condition of Existing Habitat

Sacramento River
The history of human develoE)ment within the Central Valiey and the degradation of mainstem
Sacramento River habitat ~s the basis for numerous government reports, books, and legislation.
More information the habitat conditions actions is contained in:on and recommended restoration
Restoring Central Valley Streams: A Plan for Action (CDFG 1993), Status of Actions to Restore
Central Valley Spring-run Cmnook Salmon: A Special Report to the Fish and Game Commission
(Mills and Ward 1996), an~ NMFS Proposed Recovery Plan for the Sacramento River Winter-
run Chinook Salmon (NMFS 1997). Some of this information is discussed in the Influence of
Existing Management Action~ section of this report.

Conditions in the Sacramento River affecting spring-run chinook salmon include: Anderson-
Cottonwood Irrigation District s (ACID) seasonal flashboard dam in Redding that diverts
approximately 400 cfs; RBDE) fish passage delay and losses; Glenn-Colusa Irrigation District
(GCID) Pumps that divert 3 000 cfs and approximately one million acre-feet of water per year
through fish screens with less than optimum efficiency; hundreds of small unscreened
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diversions; bank protection projects; discharges of chemical waste from industrial, municipal,
agricultural, and mining sources; and chronic contamination from numerous, but widespread
sources. In addition, excessive flow fluctuation and elevated water temperatures below Keswick
Dam near Redding result in less than optimum survival of salmon (CDFG 1993). Recent,
current and planned actions to address these problems are also discussed in the Influence of
Existing Management Actions section of this report.

The Sacramento River yields 35% of the State’s water supply. Most of the Sacramento River
flow is controlled by Shasta Dam, which stores up to 4.5 million acre-feet of water. River flow is
augmented in an average year by transferring up to one million acre-feet of Trinity River water
through a tunnel to Keswick Reservoir. The U.S. Bureau of Reclamation (USBR) operates the
Shasta-Trinity Division of the CVP. This division includes Shasta, Keswick, Trinity, Lewiston,
Whiskeytown, and the Spring-Creek Debris dams, RBDD, and the Tehama-Colusa and Corning
canals.

All of the spring-run adult holding and spawning habitat in the mainstem Sacramento River is
upstream of the RBDD and below Keswick Dam. Water temperature below Keswick Dam is a
function of flow release volume from Shasta Reservoir, the condition of reservoir storage, depth
of water released from the reservoir, and climate. In years with low storage in Shasta Reservoir
and under low flow releases, water temperatures exceed 56°F downstream of Keswick Dam
during critical months for spring-run spawning and egg incubation. Presently there is a complete
overlap of physical spawning habitat for spring- and fall-run chinook salmon in the mainstem
Sacramento River. Given that their spawning time also overlaps, it has been concluded that
there is hybridization occurring between the two runs.

RBDD is located about two miles southeast of the city of Red Bluff The fish ladders are
inefficient in allowing adult spring-run chinook salmon to ascend to the upper Sacramento River
and its tributaries (Hallock et al. 1982, Vogel and Smith 1986. Vogel et al. 1988). To help protect
the Sacramento River winter-run chinook salmon, the dam gates have been raised for varying
periods since the end of 1986. Presently the gates are raised from September 15 through May
14, allowing free passage for adults during this period. While this allows for approximately 85%
of winter-run adults to pass unimpeded upstream, few spring-run adults have migrated past
RBDD by the time the gates are closed. The majority of the fish are required to negotiate the
inefficient ladders. Adults that are obstructed from passing the dam are forced to either spawn
downstream, where temperatures are typically lethal for incubating eggs, or to ascend lower
tributaries in search of suitable spawning habitat (Hallock 1987).

When the gates are closed at RBDD (between May 15 and September 14), any outmigrating
salmon juveniles pass under the gates and into turbulent waters below the dam where they are
heavily preyed upon by squawfish and striped bass (see Predation Section). However, gates-
out operations from September 14 until May 15 for adult and juvenile winter run provide
unimpeded downstream migration for juvenile spring run.

Clear Creek
Potential spring-run habitat occurs below Whiskeytown Dam to Placer Bridge. There is an adult
upstream migration barrier at McCormick-Saeltzer Dam, which precludes use of the area below
Whiskeytown Dam. Currently, there are inadequate flows, spawning gravels, and water
temperatures below Whiskeytown Dam and accelerated erosion in portions of the watershed
(USFWS 1994).
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Cottonwood Creek and tributaries
The habitat for spring run is limited by the amount of cold water flows during the summer holding
period. Currently, the population of spring run is restricted to Beegum Gorge and occasionally a
small section of the South Fork.

i~le Creek
The present condition of physical habitat in Battle Creek is suitable for maintaining a self-
sustaining population of spring-run chinook salmon. Habitat conditions in Battle Creek are
considered drought resistant due to the geologic and hydrologic characteristics of the basin.
Battle Creek has large volcanic formations in the watershed that produce large springs and
sustained flows during drought. The base flow of Battle Creek across the valley floor exceeds
300 cfs on average and is still above 200 cfs during droughts, which keeps it well connected to

River under all conditions.the Sacramento

PG&E owns and operates the Battle Creek Project (Federal Energy Regulatory Commission
Project Number 1211) consisting of two storage reservoirs, four unscreened hydropower
diversions on North Fork Battle Creek. three unscreened diversions on South Fork Battle Creek,
a complex system of canals and forebays, and five powerhouses. There are also two
agricultural diversions in the mainstem of Battle Creek, only one of which is screened.

A primary factor that limits the Battle Creek spring-run population is the large volume of water
diverted into unscreened hydroelectric canals that parallel the natural drainage course. The
remnants of spring-run habitat in Battle Creek are associated with stream reaches between
diversions where there is inflow from the large cold springs that are common throughout the
watershed. An instream flow study indicated a need to increase the minimum required flow
below the dam by a factor of five to ten in most reaches (Payne 1991). Additionally, upstream
migration is impaired by dams with inadequate fish ladders, as well as the CNFH fish barrier that
=s closed for a small portion of the spring-run migration period. Because of the unscreened
diversions and limited instream flow releases, the fish ladders are closed on PG&E’s two lower
diversions (Eagle Canyon Dam on the North Fork and Coleman Diversion on the South Fork).
This prevents fish from ascending into the area above the hatchery water supply and to
dewatered and unscreened reaches of the creek. Closure of the fish ladders at Eagle Canyon
and Coleman Diversion dams blocks migration of adult spring run into the middle or upper
reaches of those streams. As a result, the range of spring run in Battle Creek above CNFH is
presently restricted to 17 miles out of a potential 42 miles of habitat. There is evidence that
salmon have gotten above the small dams during high flows even with the fish ladders closed,
so the range reduction is probably not complete.

Antelo_~e Creek
Department habitat surveys and water temperature monitoring have identified limited but
adequate adult holding and spawning habitat for spring-run salmon. Adult passage is a limiting
factor across the valley floor during the majority of the adult upstream migration period.

There are two water diversions at the canyor~ mouth on Antelope Creek. One is operated by the
Edwards Ranch and has a water right of 50 cfs. The other is operated by the Los Molinos
Mutual Water Company with a water right to 70 cfs. Flow in Antelope Creek is typically diverted
April 1 through October 31. Average annual flow during this time of year, measured between
1940 and 1980, was 92 cfs. The lower reach of the stream is usually dry when both diversions
are operating. Adult spring run are unable to enter the stream during the irrigation and diversion
season,
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Mil! and Deer creeks
The habitat in Mill and Deer creeks is similar, as is the life-history of spring-run chinook salmon
in these two tributaries. Elevations above 2,000 feet in both creeks (like many other eastside
tributaries at similar elevations) usually have water temperatures which meet or exceed the
minimum requirements for adult spring-run salmon to hold throughout the summer (Figure 42).

Spring-run spawning habitat in Mill Creek ranges from two miles upstream of the State Highway
36 Bridge downstream to Lees Camp, a distance of 24 miles. The range in elevation is 880 feet
to 5,300 feet. In Deer Creek, spawning occurs at Upper Deer Creek Falls downstream to Deer
Creek Crossing, a distance of 23 miles. The range in elevation is 1,280 feet to 3,600 feet. (Kano
and Reavis 1997a, 1997b).

All diversions on Mill Creek are screened. All fish screens on Mill Creek diversions are installed
and operated during the irrigation season, typically April through October, by the Department’s
Red Bluff Fish Habitat Shop. The primary problem in Mill Creek affecting spring-run abundance
in recent years is the withdrawal of water at agricultural diversions, affecting adult and juvenile
migration due to low flows.

Lower Mill Creek has three water diversions: Ward (Lower Diversion), the Clough Diversion, and
the Upper Diversion. The State Water Resources Control Board (SWRCB) fully adjudicated Mill
Creek in the 1920s. Decree 3811, issued by the Superior Court of Tehama County, apportioned
a total of 203 cfs of the natural flows of Mill Creek. This decree authorized diversion amounts
and provision for screening of all diversions. Los Molinos Mutual Water Company is the Water
Master for Mill Creek and manages the Upper and Lower diversions. Clough Diversion is a
private diversion. There are no major dams or water diversions upstream of the Upper Diversion
on Mill Creek.

Ward Diversion (Lower Diversion) is located approximately three miles from the confluence with
the Sacramento River. The Decree 3811 authorized 60 cfs to be diverted at this location. The
dam at Ward Diversion is a gradual inclined ramp. The slope of this ramp-type dam allows adult
salmon to swim up and over the dam at moderate to high flows. The Ward Diversion fish ladder
is a cement pool and weir type ladder and was rebuilt in 1997 to operate at a higher range of
stream flows. The Ward Diversion is screened by an inclined-diagonal, perforated flat-plate
screen with an optional trap or direct fish bypass.

Clough Diversion is located approximately five miles upstream of the confluence with the
Sacramento River and is authorized to divert 20 cfs of flow. Flood waters in 1997 breached the
diversion dam so that it no longer diverts flow and fish can swim upstream using the natural
stream channel. Alternate water delivery solutions are being considered for the Clough
Diversion, which may allow for the permanent removal of the dam and any diversions from this
site.

Upper Diversion Dam on Mill Creek is located approximately six miles upstream from the
confluence with the Sacramento River, and is authorized a maximum diversion of 123 cfs. The
dam at Upper Diversion is a gradual inclined ramp and is designed for adult salmon to swim up
and over the dam at moderate to high flows. The fish ladder is a concrete pool and weir type
ladder. The Upper Mill Creek Diversion is screened by a vertical, perforated flat-plate fish
screen.
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Figure 42. Calculated average water temperature taken from USGS stations in northern Sierra Nevada streams at .
various elevations. No stations situated below impoundments were included. Note that for elevations less than 2,000
feet temperatures exceed 60° F.



Deer Creek has four water diversions, all of which have been screened since the early 1920s.
All fish screens on Deer Creek diversions are installed and operated during the irrigation
season, typically April through October. The Department’s Red Bluff Fish Habitat Shop
maintains all fish ladders and fish screens on Deer Creek.

In 1923, the Tehama County Superior Court adjudicated 100% of the water in Deer Creek. The
three water diversions on the lower creek are: the Stanford-Vina Ranch Irrigation Company
(SVlC) Diversion Dam, the Cone-Kimball Diversion Dam, and the Deer Creek Irrigation
Company Dam (DClD). The SVIC Diversion Dam is located approximately three miles from the
confluence with the Sacramento River. SVIC and Cone-Kimball Diversion Dam receive 66.7%
of the natural flowin Deer Creek. SVlC diverts from both a north and a south diversion. Each is
screened with an inclined diagonal, perforated flat-plate screen. The north diversion has a direct
fish bypass. There is a concrete pool and weir-type fish ladder on each end of the diversion
dam.

The Cone-Kimball Diversion is located six miles from the confluence with the Sacramento River.
The amount of flow diverted is included in the amount adjudicated to SVIC. This diversion is
screened with a sloping diagonal, perforated plate screen. Adult salmon can swim over the
control boards on this dam and, therefore, a fish ladder is not necessary.

The DCID is located approximately eight miles upstream of the confluence with the Sacramento
River and is the uppermost irrigation dam on Deer Creek. This diversion is adjudicated 33.3% of
the natural flow in Deer Creek. This diversion is screened with an inclined-diagonal, perforated
flat-plate screen with a direct fish bypass. Adult salmon can swim over the control boards on
this dam and, therefore, a fish ladder is not necessary.

For both Mill and Deer creeks, the diversion structures can slow salmon from going upstream,
but the Department has no evidence that these structures cause undue mortality of migrating
adults. At high flows, salmon are able to swim over all dams except Stanford-Vina Dam on Deer
Creek. At lower flows, salmon are able to negotiate the fish ladders adequately.

In low water-years, the diversions on Mill and Deer creeks can reduce or eliminate natural flows
downstream of the lower diversions to the Sacramento River during the peak of adult spring-run
salmon migration (late May through June), thus truncating the adult salmon migration. Through
the conservancies on Mill and Deer creeks, the diverters have worked cooperatively to provide
flows for migrating adults. On Mill Creek, the Water Exchange Agreement was created to
provide 25 cfs of flows for adult and juvenile fall- and spring-run salmon during peak migration
and spawning periods. A similar water exchange program is being negotiated for Deer Creek.
The Department monitors critical fish passage areas on the lower three miles of Mill and Deer
creeks during the spring to ensure adequate flow for migrating adult spring-run salmon. Flows
have been adequate to pass adult spring-run salmon in most years throughout the adult
migration period in both Mill and Deer creeks.

There is no evidence that degradation of riparian habitat, due to cattle grazing and farm
practices in spawning areas, has adversely affected spring-run abundance in recent years. The
terrain (i.e., bedrock cliffs, canyons, and steep gradient boulder cascades) is not conducive for
livestock grazing. In Deer Creek, cattle grazing occurs in Deer Creek meadows, which is
upstream of Upper Deer Creek Falls (a barder to upstream migration). In the early 1990s, the
Department assisted in fencing Deer Creek meadows to exclude cattle from the riparian areas in
Deer Creek. Fence condition and repair is monitored and maintained by the Department.
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I       Bi_~ Chi¢o Creek
The best summer holding habitat in Big Chico Creek is Higgin’s Hole, which is the upstream limit

I of spring-run salmon habitat. Temperature data from the pools at Higgin’s Hole show daily
mean temperatures of 64°F to 68°F during the summer months. Other lesser quality holding
habitat downstream of Higgin’s Hole have even higher water temperatures (K. Hill, pers. com.).
During the summer months, flows in Big Chico Creek average 30 cfs, while flows during theI 300 cfs Hill 1993). These low flows and correspondingly highwinter averages over (CH2M
water temperatures during the critical summer holding months are less than optimum for adult
spring-run salmon. However, other habitat parameters such as dparian vegetation and isolation

i from human activity are good in Big Chico Creek.

Butte Creek

I Existing habitat conditions have been significantly degraded over those that existed historically.
As was stated by Clark in 1929, "...the creek was formerly one of the best salmon streams, but
because of the irrigation dams and low water the run has been almost destroyed." This

i degradation exists today, although restoration actions as discussed below and later within this

¯
report have moderated, and in some cases partially remedied, some of the man-caused effects.

Centerville Head Dam to Centerville Powerhouse: Habitat conditions within Butte Creek vary
by reach. PG&E virtually dewatered the upper reach between the Centerville Head Dam and the
Centervilte Powerhouse prior to 1980. The reach, which is about five miles in length, remains
one of the prime summer holding and spawning areas for spring-run chinook salmon. PG&E, as

i part of a Federal Energy Regulatory Commission (FERC) relicense process now provides a
, minimum of 40 cfs from June 1 to September 15. In dry years, PG&E is required to provide only

10 cfs. with no commitment after September !5 Some additional damage has been caused by

i m~ners ~n this reach, although with existin9 regulations the situation has been stabilized. The
deeply incised canyon, its relative remoteness from human intrusion, and deep spring-fed pools

i provide the best summer adult holding potential of the entire creek.

I Centerville Powerhouse to Parrott-Phelan Dam." The reach from the Centerville Powerhouse
down to the Parrott-Phelan Dam near the valley floor, has undergone and continues to undergo
s~gnificant residential development. This reach contains the remainder of the summer adultI habitat and the majority of the potential habitat for spring run. Human accessholding spawning
is provided by a county road which traverses the entire reach and is heavily utilized by summer
recreationalists. In addition, major channel modifications have occurred to repair or prevent

I flood related damages to roads and houses. These channel modifications, which have
attempted to address habitat needs, have degraded the natural processes which serve to recruit
spawning gravel, provide instream cover and forage, and provide summer holding pools. It is

I important that future development and channel modification carefully consider impacts to stream
habitat.

i At the lower end of this stream reach is the Parrott-Phelan Diversion. At key times, it diverts a
significant portion of Butte Creek flows, previously entraining large numbers of juveniles and
affecting downstream flows for adult and juv=.nile passage. A new fish screen, meeting current
State and Federal criteria, and a high efficiency fish ladder have recently been installed at thisI addition, as report, a recent agreement (1996) with thesite. In discussed elsewherein this
diverters, M&T Ranch and Parrott Investment Company, has provided 40 cfs of instream flows
during the period of October through June. Prior to this agreement, a Superior Court

I adjudication (Butte County 1942) a~d previous appropriative water rights frequently resulted in
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dewatered portions of the creek in the reach below the Parrott-Phelan diversion down to the
Sacramento River at either of the two entry points near Colusa or Verona.

Parrott-Phelan Darn to Butte Sink: The valley reach from the Parrott-Phelan Diversion to the
Butte Sink has been heavily affected by agriculture. This was recognized by Clark as early as
1929 when he stated: ’q’he dams are unimportant except for the fact that they divert so much

that fish cannot ascend the stream." As within the upper reaches, development haswater
occurred and continues to occur within this reach. The Superior Court water rights adjudication,
which was settled in 1942, under many conditions provided diverters the legal right to dewater
stream sections between the Parrott-Phelan Diversion and the Western-Canal dam. Low flows,
in addition to affecting passage, also have.contributed to elevated water temperatures which
have been detrimental to both adult and juvenile spring-run salmon. Within this reach, the
Western Canal Water District, and its predecessors, have conveyed Feather River water into
and across Butte Creek since about 1908.

Prior to recent and scheduled structural changes, there were seven seasonal diversion dams
operated by agricultural interests. Each of the diversions had the potential to detrimentally affect
migrating spring-run adults and juveniles. During 1997, the two Western Canal dams were
removed and replaced with a siphon which now conveys Feather River flows under Butte Creek.
Additionally, two downstream dams, McGowan and McPherrin, will be removed during 1998.
The three remaining structures (Durham-Mutual, Adams, and Gorrill) are scheduled for
installation of fish screens and improved fish ladders during either 1998 or 1999.

Various levee projects have been implemented, extending from approximately Highway 99, near
Chico to Highway 162. As with the upper reach above Parrott-Phelan Dam, levee installation,
maintenance, and repair have altered the natural stream process and within this reach has
affected riparian vegetation. In addition, agricultural development has occurred within the
levees, which has further limited channel function and riparian vegetation. Below Highway 162,
agricultural drainage flows return into Butte Creek, which may detrimentally affect migration,
water temperature, and water quality.

Butte Sink to Butte Slough Outfall: The reach of Butte Creek within the Butte Sink is
generally located between the Gridley-Colusa Highway and Butte Slough Outfall gates at the
Sacramento River south of Colusa. Within this reach, Butte Creek historically overflowed into a
large basin, without a well defined stream channel, although maps from the mid-1800s show a
channel along the northwest boundary of the Butte Sink. Within the Butte Sink, even as early
as 1929, duck clubs were diverting and rerouting flows (Clark 1929). Impacts from duck clubs
and agricultural diversions continue to this day. Potential impact sites include the Sanborn
Slough Bifurcation, White Mallard Weir, Drumheller Slough Outfall, Butte Slough Ouffall gates
and a host of lesser diversions. Lack of fish screens, fish ladders, and operational agreements
for flows addressing spring-run migration and rearing needs, impact spring rdn in this reach.
Additionally, major drains and flood overflows converge into the Butte Sink and alter water
quality and attraction flows that detrimentally affect migration and rearing of spring-run salmon.

Sutter Bypass: Prior to the various levees associated with the present Sutter Bypass, Butte
Creek alternately flowed into the area now within the Sutter Bypass levees and the Sacramento
River near the.present site of the Butte Slough Ouffall gates (DWR 1976, USGS 1912). Butte
Creek is currently regulated by gates placed at or near the site of the historic entry into the
Sacramento River, approximately five miles south of Colusa. Flows are regulated through the
gates to accommodate both flood control and agricultural needs. During much of the year most
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of Butte Creek flowis directed through the Sutter Bypass East and West channels for
agricultural purposes, to rejoin the Sacramento River via Sacramento Slough near Verona. In
addition, during flood events originating from the upper Sacramento River, any flows in excess of
approximately 22,000 cfs are directed into the Sutter Bypass via Tisdale Weir, Colusa Weir, or
Moulton Weir. The net effect is to present changing migrational routes for both juvenile and
adult spring-run salmon.

Throughout the Sutter Bypass, there are various flow control structures which directly impact
both migrating adults and migrating and rearing juvenile spring run. There are five major
structures that divert or regulate water which are unscreened and either do not have fish
ladders, or have ineffective fish ladders. There are various other barriers and diversions that
under some conditions are detrimental to spring-run adults and juveniles. Various actions are
being implemented to address many of the identified passage problems within the Butte Sink
and Sutter.Bypass. A limited evaluation by the Department has identified rearing potential for
juvenile spring run within the Sutter Bypass (Curtis 1996).

Yuba River
Migration of spring run to historic holding and spawning habitat was blocked by the construction
of Englebright Dam. Spring run now spend the summer in the area just below the Narrows 1
and 2 powerhouses immediately below Englebright Dam or further downstream, particularly in
the large deep pool immediately below the Narrows, This reach provides summer refugia with
deep pools and cool water. However, this is historic fall-run spawning habitat. There may be
hybridization occurring between the two races.

Adult spring-run chinook salmon encounter Daguerre Point Dam during their upstream spawning
migrations. Factors which can inhibit or prevent upstream passage include poor ladder design
and operation, sheet flow across the dam spillway confusing fish and hindering attraction to
ladder entrances, and increased poaching. The fish ladders are designed to be operated within
a limited river flow range, primarily during low flows, when fall-run chinook salmon are present.
Dur=ng h=gher flows~ ladder passage is inhibited, attraction to the ladder entrances are obscured.
and flows in excess of approximately 15,000 cfs dictates that the ladders be closed. Ladder
closures in excess of a month occur during the spring-run salmon migration periods,

Existing ~nstream flows are less than optimum for adult spawning, juvenile rearing, and juvenile
outmigration. The cumulative water diversion rates in the lower Yuba River can exceed 95% of
the entire river flow~

Fish health and spawning success can be significantly affected by delays at dams. Sheet flow
over the face of Daguerre Point Dam attracts fish which try to ascend the face, and they can be
injured and subsequently become diseased. Summer water temperatures below the dam are
often not adequate to support juvenile salmon, which remain in the river to yearlings. Passage
problems can prevent spr=ng-run chinook salmon from reaching the cold water holding pools
above the dam.

Losses of juvenile salmon occur at the Hallwood-Cordua and South Yuba-Brophy diversions.
The Hatlwood-Cordua fish screen is operated by the Department and is operated only during the
estimated peak period for downstream migration of juvenile fall-run chinook salmon (typically
April through June), Periods occur when water is diverted but the screen is not operated, and
juvenile spring-run salmon which migrate during thos~ umes and enter the diversion are lost.
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The South Yuba-Brophy Diversion consists of a gabion weir which cannot meet current
screening criteria and is ineffective at excluding juvenile salmonids Studies indicate that
juvenile salmonid losses of the fish that enter the South Yuba-Brophy Diversion ranged from
40%-60% (Konnoff 1988). Losses were associated with the entire diversion facility, which
included losses to predation, impingement, and entrainment.

Sacramento-San Joaauin Delta
The Delta provides habitat for spring-run salmon in three ways: (1 t ~t =s a migration corridor to the
upper Sacramento River and its tributaries for adults returning to freshwater to spawn; (2) it is a
migration corridor to the ocean for juveniles; (3) and it provides rearing habitat for juvenile
salmon that move into the Delta weeks or months before they are able to enter salt water.

Historical Perspective on Habitat Conditions in the Delta: Major changes occurred in the
Delta in the 1800s when thousands of acres of tidal marshes were reclaimed through the
\construction of levees, changing the character of the landscape permanently. Sedimentation
from gold mining also had a substantial impact. More gradual and subtle changes have
occurred since the late 1800s affecting the suitability of the Delta as habitat for salmon and other
native fishes (ABAG 1992).

Eighty percent of the estuary’s fresh water is provided by the Sacramento River basin. Water
storage and diversions within the basin affect the seasonal flow of fresh water into the estuary
and the volume of water entering San Francisco Bay. Beginning in the late 1850s, flood control
projects as well as storage and diversions for agriculture and power generation began to alter
the timing and volume of the estuary’s inflows. Within the 20th century, major human alterations
to flow timing, volume, and destination have occurred during several major time periods (Arthur
et al. 1996):

Prior to 1945 - No major State or Federal dams on the Sacramento River
1945-1950 - Shasta and Friant dams in operation but no significant Federal

water exports from the Delta;
1951-1967 - Federal water exports from the Delta;
1968-1977 - State and Federal water exports from Delta. Compliance to

SWRCB D-1379 water quality standards;
1978-1992 Compliance to SWRCB D-1485 water quality standards;
1993-1994 Operations of CVP and SWP modified to comply with Biological

Opinions for Sacramento River winter-run chinook salmon and
Delta Smelt; and

1995-1997 Operations to SWRCB Water Quality Control Plan for the
San Francisco BaylSacramento-San Joaquin Delta Estuary
(1995 Bay-Delta Plan.)

A review of historic DAYFLOW flow data (averaged by major time period as defined above, by
month, and by water-year type) (Appendix E) indicates that water project operations during the
last 50 years have shifted the time of peak total Delta inflow, especially in drier years. Summer
and fall total Delta inflows have increased, while winter and spring inflows have been reduced
(Figure 43, Appendix E-1 ). The percent of total inflow that is diverted annually by the SWP and
CVP continually increased over the last 50 years (Figures 44a and 44b, Appendix E-9). On a
seasonal basis, the maximum export to inflow (E:I) ratio once occurred in the summer months,
but gradually shifted towards the fall through early spring months (Figure 45). The E:I ratio in the
fall, winter, and spring months increased from less than 10% in the 1930-50 period to an excess
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of 30% to 60% diverted in the 1978-92 period. In the last five years, there has been a general
reduction in the E:I ratio during the late spring months, but a continued increase during the
October and November months.

Most of the time, more water is being diverted from the southern Delta by the SWP and CVP
pumps than flows in from the San Joaquin River. As a result, the rest of the water exported by
the SWP and CVP comes from the Sacramento River and eastside Delta tributaries, resulting in
net upstream water movement (reverse flow) in the lower San Joaquin River and through the
central and southern Delta (Figure 46). Before major water projects began operations in the mid-

River flows remained in the driest (1931, 1934,1940s, lower San Joaquin positive except years
1939) and flow reversals only occurred during late summer and early fall months (Figure 47,
E-5}. As exports increased over the last 50 years, reverse flows in the lower San Joaquin River
became the norm rather than the exception. Since the late 1970s, reverse flows occur in fall,
winter, and early spring months (key months for juvenile yearling and sub-yearling spring-run
outmigration), especially in dry and critical water-years (Figures 48 and 49).

The recent (1985-94) series of mostly dry years, including the 1987-92 drought, produced
severely degraded habitat conditions within the Sacramento River basin and the Delta. At the
same time, monthly export volumes continued to increase until 1991 (Figure 50, Appendix E-13).
The peak monthly export occurred in the fall of 1989 (699,000 af). Whereas historically water
was exported mainly in spring and summer months to satisfy immediate demand for crop
irrigation, construction of San Luis Reservoir and other water storage facilities south of the Delta
has accommodated shifting peak exports into late fall. winter, and early spring months (Figures
5! through 53: Appendix E-15), the key period for juvenile spring run rearing and yearling out
mIgration within the Delta.

As a consequence, exports have increased over the last half century and Delta outflows have
been reduced commensurately (Figure 54, Appendix E-19).

Under present-day operations with the 1995 Bay-Delta Plan and recent Anadromous Fish
Restoration Plan (AFRP) Delta actions, water exports are shifted from the spring to the fall and
winter months, which are critical to Sacramento River spring run yearling outmigration (Figure
55 Appendix E-16 through E-18). Both the frequency and severity of reverse flows increase
throughout the year (Figure 48, Appendix E-6 through E-8). Reduced export levels in spring
months will improve conditions for rearing and migrating sub-yearling spring run within the Delta
The 1995 Bay-Delta Plan allows for closure of the DCC more often to protect salmon from
entrainment to the central Delta. However, closure of the DCC without commensurate reduction
in export levels exacerbates reverse-flow conditions in the lower San Joaquin River. This likely
reduces the benefits of DCC closures.

Changes in Delta Ecosystem and Their Effect on Spring Run: Changes in estuarine
hydrodynamics have adversely affected a variety of organisms at all trophic levels, from
phytoplankton and zooplankton to the youn~ life stages of many fish species (e.g., Delta smelt,
striped bass) (Arthur et al. 1996). The ecolo:~ ~al processes in the Delta have also been affected
by interactions among native and introducec species, the various effects of water management
on Delta water quality and quantity, and lanc use practices within the watershed. Cumulatively,
these changes have d~minished the suitability of the Delta as juvenile salmon rearing habitat and
have reduced the survival of young salmon migrating through the Delta to the Pacific Ocean.
While conditions have been stable in the tributaries the last 50more spring-run during years,
substantial modification of flow-related habitat conditions in the Delta has occurred. The
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The Sacramento/San Joaquin Bay-Delta Estuary: Reverse Flow
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Figure 46. The Sacramento/San Joaquin Bay-Delta water ways and reverse flows.
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Figure 47. Change in average monthly QWEST flows (cfs) for key time periods in water project operations within Central Valley. (A)
Beginning prior to operations of Shasta and Friant dams through (D) the 1978-1992 period of operations to SWRCB D1485 water
quality standards.
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Figure 48. Change in average monthly QWEST flows (cfs) for recent periods in water project operations within Central Valley:
(A) operations to State and Federal Biological Opinions for the winter-run chinook salmon which specified minimum QWEST flow
criteria; (B) recent operations to the 1995 Bay-Delta Plan; and (C) simulated future operations to 1995 Bay-Delta Plan.
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Figure 49. (A & C) Change in average monthly QWEST flows (cfs) for dry and critical water-years since pre-Shasta and Friant dams (1930-1944)
through 1992. (B& D) Compared to average monthly QWEST flows (cfs) in dry and critical water-years under simulated operations to 1995-Bay-
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Figure 51. Change in average monthly Delta exports (cfs) at the SWP and CVP Delta water export facilities for key time
periods in Central Valley water project operations. (A) Beginning in the 1950’s with federal water exports only; (B) projects
operated to SVVRCB Decision 1485 water quality standards; and, (C) simulated operations to 1995 Bay-Delta Plan.
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Figure 52. (A & C) Change in average monthly combined Delta exports (cfs) at the CVP and SVMP for below-normal and dry water-years the
projects began operations through 1992. (B& D) Compared to average monthly combined Delta exports (cfs) in below-normal and dry water-years
under simulated operations to 1995-Bay-Delta Plan, simulated operations to Interim South Delta Program at future water demand level and,
simulated operations to SVVRCB Water Rights Alternative 5.
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Figure 54. Change in average monthly total Delta outflow (cfs) for key time periods in water project operations within the Central
Valley. Beginning (A) prior to operations of Shasta and Friant dams through (D) simulated operations to SWRCB 1995 Bay-Delta
Plan.
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Figure 55. Average monthly exports (cfs) at CVP and SWP under (A) simulated operations to existing State and Federal Bay-Delta water export
facility configuration, meeting existing variable-level water demand operated to SWRCB 1995 Bay-Delta Plan water quality criteria with interim
water rights agreement; (B) simulated operations to Interim South Delta Program facilities at future water demand level, and; (C) simulated
operations to SWRCB 1995 Bay-Delta Plan and SWRCB Rights Alternative 5.



Plan for the Sacramento / San Joaquin Delta Native Fishes (USFWS 1995a)Recovery
considers poor survival of outmigrating juvenile spring run, "especially in the Delta" as one of the
key factors in the species’ continued population decline in recent decades.

Historically, a significant proportion of juvenile Sacramento River salmon was observed to
naturally migrate into the central Delta via Georgiana Slough in direct proportion to the volume of
water transporting them, estimated to be approximately 20% in March 1948, prior to the
construction of the CVP DCC (Figure 17) (Erkkila et al. 1950). Under present day operations,
when the DCC is open, as much as 70% of Sacramento River flow (at Walnut Grove) can be
diverted into the central Delta, whereas only 20%-30% is drawn in with the DCC closed (USFWS
1987). If juvenile salmon are entrained to the central Delta in direct proportion to the volume of
water transporting them, significantly greater numbers of juvenile spring-run chinook salmon can
be transported into the Delta on their outmigration journey. When diverted into the central and
hence the southern Delta, juveniles are exposed to a highly altered system with manipulated
flow conditions, resulting in direct and indirect impacts which reduce survival compared to
salmon that remain in the Sacramento River. Within the central and southern Delta, juveniles
are exposed to reverse flows, entrainment in small unscreened agricultural diversions,
entrainment in the SWP and CVP water export facilities, predation, reduced shallow water
habitat for fry, reduced water quality conditions (including higher water temperatures), and
reduced river inflows during spring months which decreases available habitat, nutrients, and
transport flows for migration (USFWS 1995a, NMFS 1997). The adverse changes in Delta
hydrodynamics, particularly the increase in cross-Delta flows (flows from the northern and
central Delta to the southern Delta) have dramatically increased since 1968, Those increases
have been the most pronounced in the late fall through the early spring months, key periods for
outmigrating juvenile and yearling spring run.

The USFWS, within the Interagency Ecological Program (IEP), conducted studies during the
1980s to assess the relative difference in survival of fall-run chinook salmon smolts emigrating
down the Sacramento River which were not exposed to entrainment at the DCC and Georgiana
Slough (Ryde releases) versus smolts subject to entrainment to both channels leading to the
central Delta, as well as smolts which were only subject to entrainment through Georgiana
Slough (Table 22) (USFWS 1992). Salmon smolts survived about 3.4 times greater to Chipps
Island (western Delta) when they were not exposed to entrainment at Georgiana Slough and an
open DCC. When the DCC was closed, the relative difference in survival was reduced by nearly
half. However, survival was still 1.6 times greater for those smolts which were not exposed to
entrainment at Georgiana Slough.

From 1992-94, the USFWS conducted survival studies where they released one marked group
of hatchery-reared juvenile fall-run salmon directly into Georgiana Slough and a second group
into the Sacramento River at Ryde (downstream of the DCC and Georgiana Slough). Marked
fish recoveries indicated survival for salmon released at Ryde was 1.5 to 8.4 times higher than
for salmon released simultaneously in Georgiana Slough (the subsequent migration route for
these fish is.assumed to be through Georgiana Slough to the central Delta) with a larger
difference observed at higher water temperature (Table 23) (USFWS unpublished data).

Since 1993, the USFWS has annually conducted additional studies designed to evaluate the
differential survival of larger juvenile winter-run chinook salmon which emigrate through and rear
in the Delta during cooler winter and early spring months (Table 24). These studies used
juvenile late-fall-run salmon as a surrogate for the State and federally-listed endangered winter
run. The results are relevant to survival of yearling spring-run salmon which also migrate in the
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Table 22. Comparison of Survival Indices for Coded-wire Tagged Fall-run Chinook Salmon Smolts Released
in the Sacramento River Above and Below the Delta Cross Channel and Georgiana Slough
between 1983 and 1989 (USFWS 1992).

Cross Channel Year Release Above Release Below Ratio of Below/Above
Operation (Walnut Grove) (Ryde)

1984 0.61 1.05 1.7
OPEN 1985 0.34 0.77 2.3

1986 0.35 0.68 1.9

r~ 1987 0.40 0.88 2.2
~ 1988 0.72 1.28 1.8
~ 1988 0.02 0.34 17.0
< 1989 0.84 1.19 1.4
- 1989 0.35 0.48 1.4 u~
-o 1989 0.21 0.16 0.8

Average: 3.4

CLOSED 1983 1.06 1.33 1.3
1987 0.67 0.85 1.3
1988 0.71 0.94 1.3
1988 0.17 0.40 2.4

Average: 1.6



Table 23.- Comparison of Survival Indices for Coded-wire Tagged Fall-run Chinook Salmon Sm01ts Released
into Georgiana Slough and at Ryde (below the Delta Cross Channel and Georgiana Slough) from
1992 through 1994 and the Ratio of Survival Between the Two Paired Groups (USFWS,
unpublished data).

Year Month Day Georgiana Slough Release Below Ryde Ratio of BelowlAbove
(Georqiana I Ryde)

1992 April 6th 0.41 1.36 3.3

1992 April 14th 0.71 2.15 3.0

1992 April 27th 0.20 1.67 8.4

14th1993 April 0.13 0.41 3.2

1993 May 10th 0.29 0.86 3.0

1994 April 12th 0.054 0.198 3.7

1994 April 25th 0.12 0.18 1.5

Averaae: 3. 7



Table 24. Comparison of Survival Indices for Coded-wire Tagged Late-fall Run Chinook Salmon Smolts
Released into Georgiana Slough and at Ryde and Isleton (below the Delta Cross Channel and
Georgiana Slough) from 1993 through 1996 and the Ratio of Survival Between the Two Paired
Groups (USFWS, unpublished data).

Year Month Georgiana Slough Release Below Ratio of Below/Above
(Ryde-~, Isleton~-~) (Georgiana I Ryde~, Isleton-~)

1993 December 0.28 1.91 ~ 6.8~

1994 December 0.16 0.57~! 3.6-~ u~

1995 January 0.06 0.39~-~ 6.5-=

4 1t~1996 January 0.16 0.66~ ¯ -

1997 December 0.03 0.70~ 23.3~

1998 January 0.24 0.90~ 3.8~

Averaoe: 8.0



fall and early winter. It was hypothesized that larger juvenile salmon may be less affected than
the smaller fall-run juveniles by adverse habitat conditions in the interior Delta, due to their larger
size and assumed shorter residency time within the Delta. Also, during winter months water
temperatures are lower and less stressful to juvenile salmon, there is a lower risk of entrainment
losses for juveniles because local diversions for irrigation are minimal, and mortality due to
resident fish predation is expected to be less (due to lower predator metabolic rates and activity
levels compared to April and May conditions). Water contractors have stated that negotiators of
the water quality objectives in the 1995 Bay-Delta Plan allowed exports up to 65% of inflow in fall
and winter months because they believed the larger juveniles would be better able to avoid
predators and entrainment at the State and Federal water export facilities than smaller juvenile
fall-run salmon in spring months when a lower (35%) export limit was chosen (statement of
Charles Hanson, Ph.D.; representing the SWP contractors; October 1997, Commission meeting
in San Diego).

Results from the USFWS December and January tests during the last six years do not support
the hypothesis of higher interior Delta survival of larger juvenile salmon relative to survival in the
Sacramento River during cooler fall and winter months. Late-fall-run salmon released in the
Sacramento River below the DCC and Georgiana Slough survived, on average, eight times
greater than those released directly into Georgiana Slough (results have ranged from 3.6 to
23.3). These juvenile late-fall-run salmon survival studies indicate low relative survival levels
through the Delta, similar to the earlier studies with fall run in April and May (USFWS 1997a,
unpublished data).

The above salmon survival experimental results, inclucling those using larger salmon during
winter months in the past few years, demonstrate that larger juvenile salmon are not necessarily
affected less by deleterious factors encountered in the central Delta. The results also suggest.

(1) from the list of potential causes of mortality, those factors known or suspected to be less
harmful in the winter than the spring (i.e., water temperature, entrainment in local
diversions, predation) may be relatively less important in both seasons than previously
thought; and

(2) deleterious factors usually present in both seasons (i.e., altered or reverse flow patterns
due to exports, increased residence time) may act to increase mortality due to other
factors and thus, have relatively greater consequences for salmon survival than the
factors listed in item 1.

The following is a summary of the various potential causes of the mortality assessed in the
salmon survival experiments and which affect spring-run salmon in the Delta as yearling
outmigrants in November through January or as sub-yearling salmon between December and
June (Table 25). Some factors have not been well studied and specific data related to juvenile
salmon are often lacking or inadequate.

Direct (Entrainment) and Indirect Losses at the SWP and CVP Water Export Facilities:
Delta impacts of the water projects to rearing and migrating juvenile chinook salmon are both
direct (based on observations of salvaged fish at the fish salvage facilities) and indirect (the fish
die as a result of degraded habitat conditions before reaching the salvage facilities and are not
recovered). The rate of direct entrainment (direct loss) of juvenile salmon at the facilities, by
itself, does not provide a complete measure of water project impact to juvenile salmon. Instead,
low recovery rates at the fish facilities can be due to: (1) relatively low numbers of juvenile
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Table 25. Factors Potentially Affecting Spring-run Chinook Salmon Survival in the Bay-Delta Estuary.

I LIFE STAGE

I SUB- SUB-       YEARLING SOURCE OF
FACTOR YEARLING YEARLING MIGRATION INFORMATION

I REARING MIGRATION

Outmigration Timing (Dec.- April) (March-May) (Oct.-Feb.) CDFG studies

I Hydrodynamics Yes Yes Yes USFWS studies

Inflow Yes Yes Yes USFWS studies

I Cross Channel Yes Yes Yes USFVVSstudies
Georgiana SI.

I
Reverse flow Probable Probable Probable USFWS studies

¯ Outflow Probable Probable Probable USFWS studies

Entrainment to Probable Probable Probable DWR sampling
Local In-Delta

diversions
I

Entrainment to Yes Yes Yes Salvage records
CVP/SWP (Including DFG studies

I predation)

Water Temperature Probable Probable No USFWS studies
(late spring) (late spring)

Predation Probable Potential Potential Food habits
studies

I        Contaminants       Potential       Unlikely        Unlikely

I Habitat Condition Potential Potential Potential
(cover/food, etc.)
Yes:          effect documented;

I Probable: mechanism identified, evidence inconclusive;
Potential: mechanism suggested, evidence lacking;

i Unlikely:      no mechanism known or factor not relevant to time period.
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in the system; (2) a high loss rate of juveniles before they reach the Delta; (3) a highsalmon
indirect loss rate of juvenile salmon, attributable to water project operation, in the central and
southern Delta; or (4) a combination of the above.

Studies have been conducted by the USFWS to assess juvenile salmon survival through the
Delta relative to survival for juveniles which remain in the Sacramento River. The USFWS has
measured the differences in recoveries at the SWP and CVP Delta fish salvage facilities of the
marked late-fall run salmon released into Georgiana Slough versus the Sacramento River (Ryde
and Iselton) releases. While the recoveries at the fish salvage facilities of Georgiana Slough
releases have not exceeded 3%, no more than 0.6% of any group of salmon released in the
Sacramento River (Ryde/Iselton) has been recovered at the fish facilities. A consistently higher
proportion (between 5 and 60 times more) of the Georgiana Slough release groups have been
recovered at the SWP and CVP Delta fish facilities since 1993. This would indicate that the
relative effects of export on Delta salmon survival may be several times greater than indicated by
entrainment alone. It also suggests that exports have a greater influence on salmon once they
are in the central Delta compared to those remaining in the Sacramento River, at least as far
downstream as Three Mile Slough near Rio Vista.

Length of Migration Route/Residence Time in the Delta: To reach Chipps Island from the
respective release locations, test salmon have a longer migration route via Georgiana Slough
(about 37 miles) than in the Sacramento River from Ryde (27 miles). Increased residence time
increases the duration of exposure to hazards during migration and reduces the likelihood for
survival to Chipps Island. If the mortality rate per mile was the same on both routes and salmon
traveled at a fixed rate directly on each pathway, mortality would be approximately 37% higher
for the Georgiana Slough release group.

Altered Flow Patterns in Delta Channels - Reverse Flows: The role of net flow direction
within the interior Delta in guiding migrating salmon is a critical issue. Higher entrainment losses
demonstrate salmon using the Georgiana Slough migration route are more susceptible to the
effects of export pumping. Juvenile salmon that migrate downstream through the interior Delta
are subjected to a longer and more complex migration route which increases the fish’s
residence time and thus, exposure to mortality mechanisms within the interior Delta. In many of
the interior Delta channels, net flows are in the upstream direction (i.e., towards the southern
Delta from the central Delta, so-called reverse flows). For salmon which are cueing on flows as
they migrate through the Delta towards the ocean, substantial confusion and straying into
channels leading to the southern Delta could take place.

Increasing salinity westward through the estuary may provide one of many guidance cues to
juvenile salmon moving through the estuary. But use of the salinity gradient as a guide may also
be a problem for salmon under present-day water management within the Delta since the
northern and western Delta can be fresher (less saline) due to Sacramento River influence than
the central and southern Delta which is influenced more by the poorer water quality of the San
Joaquin River.

Predation Losses: The most comprehensive information on the distribution of piscivorous fish
in the Delta is from the Department’s resident fish survey begun in the late 1970s. Centrarchid
species were substantially less abundant in northern and western Delta areas than elsewhere in
the Delta and less abundant in rivers and open sloughs than in other channel types.
Largemouth bass were generally less abundant in river habitats than either open-ended or dead-
ended sloughs. Largemouth bass are less abundant as salinity increases in the western reach
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of both migration routes, however other predators such as striped bass may be more abundant.
Independent of predator density, there is an increased probability of loss to predation of
juveniles that migrate down Georgiana Slough and through the central and interior Delta due to
the increased residence time of juveniles and thus exposure to predation (a more detailed
discussion of predation is contained in the report section titled Factors Affecting the Ability to
Survive and Reproduce - Predation).

Water Temperature-Related Mortality: Water temperatures dudng the fall/winter experiments
were cool and no temperature-related impact on survival was expected in either the Sacramento

and the rest of the Delta migration route. Temperature would notRiver or in Georgiana Slough
adversely affect spring-run yearlings in the November-January period or sub-yearlings until
about May in most years.

Contaminants: The role of potential contaminant-related effects on spring-run salmon survival
in the Delta is unknown. The USFWS (1995a) concluded that the effects of contaminants on the
biota in the Delta is of major importance. There are no data to determine if contaminant
concentrations were different for either of the paired test groups during any of the USFWS
survival experiments nor any evidence that acute contaminant-related mortality occurred during
these tests. Contaminant-related chronic effects dur{ng the relatively short period the test fish
were in the Delta seem unlikely, but cannot be ruled out. In general, it is known that selenium
from the San Joaquin River and from point sources in the estuary may affect salmon growth and
survival. The U.S Environmental Protection Agency (USEPA) is pursuing reductions in
selenium loadings from Bay Area oil refineries and the San Francisco Regional Water Quality
Control Board has recommended an additional 30% reduction in selenium levels to adequately
protect the Bay’s beneficial uses. Municipal wastewater treatment plants release heavy metals,
thermal pollution, pathogens, suspended solids, and other constituents. Improved treatment has
reduced pollutant Ioadings, however heavy metals and organic pollutants remain a concern
(ABAG 1992). Non-point sources include runoff from urban areas, agricultural lands,
construction and logging sites, and mined land. Elevated levels of pt.~lychlorinated biphenyls and
chlorinated pesticides have been found in the stomach contents of juvenile salmon from the Bay,
the Delta, and from hatcheries. Non-point sources are suspected as the origin of these
materials in the Delta and Bay environment. Agricultural drainage is another source of
contaminants (pesticides and herbicides) that may be affecting lower level food web organisms
and bioaccumulating in higher trophic level organisms. This may be detrimental to salmon,
particularly during smoltification (NMFS 1997). Dredging may be harmful to juvenile salmon due
to re-suspension of contaminant in sediments as well as increased turbidity, increased oxygen
demand, and reduced dissolved oxygen concentration.

Food Supply Limitations: In general, it is known that limitation of food supply and changes in
the species composition of zooplankto0, which may influence food availability for young fish in
the estuary, has been suggested as a cause of decline in the abundance of e~tuarine-
dependent species such as Delta smelt and striped bass (ABAG 1992). However, there is no
direct evidence of food limitation for salmon in the Delta or lower estuary.
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VIII. INFLUENCE OF EXISTING MANAGEMENT EFFORTS

number of and restoration activities being performed onThere are a significant monitoring
Sacramento River spring-run; some of which have recently been completed and some of which
are in progress (Table 26). The following is a synopsis of these efforts, which are also detailed
in the Department’s update to the Commission on the Status of Actions to Restore Spring-run
Chinook Salmon on the Central Valley (Baracco 1996).

Disease

Disease control efforts include prohibiting the transportation of infected, diseased, or parasitized
fish between drainages (FGC, Section 6307) and the importation of fish into California from
areas known to have infected, diseased, or parasitized fish and other organisms (FGC, Section
2270). When fish are found to be infected, diseased, or parasitized, the Department requires
them to be destroyed (FGC, Section 6302).

Both State and Federal hatchery programs within California’s Central Valley employ various
protocols to control infection. Regular health monitoring of production fish is performed to
quickly respond to problems. Chemotherapeutics are used for control of most external parasite
problems while many bacterial infections can be treated with antibiotics. Avoidance of
infectious agents and stressful conditions is the best management practice.

Harvest

Federal Ocean Fisheries Management and Restoration Plans
California’s ocean salmon fisheries, as well as those fisheries off Oregon and Washington, are
managed by the Pacific Fishery Management Council (PFMC) under the authority of the
Federal Magnuson-Stevens F=shery Conservation and Management Act. The states are
required to conform their fishing regulations for their State ocean waters (zero to three miles
offshore) to those implemented for Federal ocean waters (three to 200 miles offshore), or risk

of their the NMFS. Sacramento fall-run chinook is onepre-emption management authorityby
of the key chinook stocks on which ocean salmon fisheries south of Cape Falcon in Oregon are
managed. The salmon Fishery Management Plan (FMP) provides the basis on which the
PFMC manages California s ocean salmon fisheries.

Among the management goals of the FMP is the requirement that the ocean fisheries be
managed to provide an annual spawning escapement of 122,000 to 180,000 fall-run chinook
adults to the Sacramento tR~vers hatcheries and natural areas. On March 8, 1996, NMFS
issued a Biological Opinion for the endangered Sacramento River winter-run chinook, under
authority of the ESA, that required harvest impacts on Sacramento River winter-run chinook in
California’s sport and commercial ocean salmon fisheries to be reduced by 50%. This
reduction in harvest was estimated to be sufficient to increase adult winter-run chinook
spawning escapement by 35% above recent levels. Based on additional spawner escapement
data for 1996, NMFS re-evaluated the level of increased spawner escapement required for the
restoration of this run; therefore. California’s ocean salmon fisheries in 1997 and 1998 were
managed for an increase in spawner escapement of 31%. It is expected that management
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Table 26. Current Status of Activities to Reduce Risk of Extinction of Spring-run Chinook Salmon.

Sacramento Clear Cottonwood Battle Antelope Mill Deer Big Butte Feather Yuba Delta
River Creek Creek Creek Creek Creek Creek Chico Creek River River

Creek
MONITORING

Adult Salmon

Escapement P P S P S S S P S P P NA

Age Composition N N N N N N P N N P N NA

Run-timing P P N ? N S S P P N P P

~ Spawning period P P N P N S S P P N P NA
g.

~ Juvenile Salmon

"0 Fry Emergence P N N N N S S P P N N NA

|
Outmigrant timing             P       N       N       N     N      P     P     P     P      N      N     P

Size at outmigration P N N N N P P P P N N P

Emigration cues P N P P P P P P P N P P

S = Sufficient Activity; P = Partial Activity; N = No Activity



Table 26. (Continued).

Sacramento Clear Cottonwood Battle Antelope Mill Deer Big Butte Feather Yuba Delta
River Creek Creek Creek Creek Creek Creek Chico Creek River River

Creek
MANAGEMENT ACTIONS

Barriers/Passage P P P P N P P S P S . P P

Flows P P P P P P P P P S P P

Temperature P P P P N P P P P S P NA

GJ ~vel P P S P S S S P S P P NA

Erosion P S N P N P P P P P P NA
~

Entrainment P S P P N S S P P P P P

Cover P P P N P p p p p p p p ~1

koca~ kan6 M~mt. P S P P P P P P P P P P

Harvest P P P P P S S N S P P P

Delta Operations NA NA NA NA NA NA NA NA NA NA NA P

S = Sufficient Activity; P = Partial Activity; N = No Activity



measures enacted to reduce ocean harvest impacts on Sacramento River winter-run chinook
are providing some protection for Sacramento River spring-run chinook.

Existing_ Ocean Harvest Requlations
To achieve the 50% level of impact reduction for the 1996 seoson, the PFMC recommended
increasing the minimum size limit of chinook salmon caught in the recreational ocean salmon
fishery between Point Conception and Horse Mountain from 20 inches TL to 24 inches TL from
May 1 through mid-July, then further increased it to 26 inches TL thereafter (Appendix C). Prior
to the PFMC action, the Commission increased the minimum size limit to 24 inches TL for State
waters in early April 1996. Also, the minimum size limit in the commercial fishery was
increased from 26 inches TL to 27 inches TL. The 1996 recreational fishing seasons south of
Point Arena were shortened by two weeks to two months, depending on area. The opening
dates for the 1997 recreational ocean salmon seasons below Point Arena were delayed by two
to four weeks, again depending on the area. Because of the slight easing of harvest impact
reductions for 1997, the recreational ocean salmon seasons were re-extended by later closing
dates. Also, the minimum size limits were 24 inchesTL and 26 inches TL, respectively, for
California’s sport (south of Horse Mountain) and commercial fisheries.

Two fisheries in 1997 could have had potential impacts on spring chinook: a 10,000 chinook
quota commercial fishery during the last half of April between Lopez Point and Point Mugu; and
a recreational fishery in the Gulf of the Farallones (between Point Reyes and Pigeon Point)
from July 1 through September 1, which required anglers to keep the first two salmon, except
coho, regardless of size. The former fishery could provide some risk to spring-run chinook
because of its timing, since CVVF data have shown that the majority of FRH spring-run chinook
recoveries occur prior to May 1; the latter fishery could impact spring-run chinook because of its
location and lack of a minimum size limit. Opening dates for the 1998 recreational ocean
salmon seasons south of Point Arena are essentially the same as in 1997. South of Pidgeon
Point (San Mateo County) the season ended October 19 in 1997. In 1998, further restriction in
season length was initiated, with a season ending date of September 7.

Inland Sport Fishing Regulations
California’s inland sport fishing regulations are set under the authority of the Commission (FGC,
Division 1, Chapter 2, Article 1). Inland sport fishing regulations are reviewed and revised as
necessary every two years during even-numbered years. In every odd-numbered year, the
Commission devotes its late August, October, November, and December meetings to
recommendations for changes in the sport fishing regulations.

sport fishing regulations within several of the primary spring-run tributaries were changedInland
in 1994 to provide specific protection for spring-run chinook salmon. In addition, present
regulations covering the remaining inland spring-run adult habitat provide varying degrees of
protection (Appendix D).

Enforcement
Enhanced enforcement activities continue to be implemented throughout the spring-run range,
with particular attention to the tributaries and adult holding areas. Additional funding for warden
overtime is being provided through the Four Pumps Agreement and has resulted in additional
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I hours of enforcement, while the Delta Bay Enhanced Enforcement Program (DBEEP) warden
position continues to focus specific enforcement during the spring migration and summer

i holding periods. Initial reports from the wardens involved indicate that violations have declined
significantly, which in part is attributable to the increased enforcement and in part to the
increased public awareness and involvement through the emerging watershed conservancy
efforts. The DBEEP, in addition to the focused attention in the spring-run tributaries, continues

I to provide added enforcement in the Delta. The DBEEP program was expandedin 1994, which
included three additional wardens assigned specifically to the Delta and upper Sacramento

i River.

Operations of the State Water Project and Central Valley Project

I Factors affecting spring-run chinook salmon related to the effects of SWP and CVP operations
in the Delta are: (1) upstream or "reverse" flows in the western, central, and southern Delta; (2)
entrainment of rearing juveniles to the Southern Delta, where it is more difficult for juveniles {o

I find their way to the ocean; (3) poor environmental conditions in the central and southern Delta;
(4) entrainment of juvenile salmon at the SWP and CVP Delta diversions; and (5) food web
production and other potential ecological consequences of altered Delta hydrodynamics.

I
Recent Bay-Delta Regulatory_ Settin~ and CALFED
The late 1980s and early 1990s were characterized by State-Federal disputes regarding water

I quality protection, continued decline of numerous estuarine-dependent species leading to listing
¯ of two species of fish (Sacramento River winter-run chinook salmon and Delta smelt), and

increased uncertainty of water supplies derived from the Delta. Growing frustration as to how

I to meet the diverse human and wildlife needs related to the estuary culminated in the series of
events described below

i In June 1994. the California Water Policy Council and the Federal Ecosystem Directorate
(ClubFED) signed the Framework Agreement intended to provide for increased coordination
and communication with respect to: (1) substantive and procedural aspects of Bay-Delta water

i quality standard setting: (2) improved coordination of water supply operations with endangered
species protection and water quality standard compliance; and (3) development of a long-term
solution to fish and wildlife, water supply reliability, flood control, and water quality problems in
the Bay-Delta Estuary. The collaboration is known as "CALFED," recognizing the State-Federa!

I partnership.

On December 15, 1994, the Principles for Agreement on Bay-Delta Standards Between theI State of California and the Federal Government (Principles Agreement, commonly referred to
as the "Bay-Delta Accord") was signed by State and Federal agencies and urban, agricultural,
and environmental interest representatives. The Principles Agreement articulated the basic

I tenants on how to accomplish the goals of the Framework Agreement. Initially a threeyear
agreement, the Principles Agreement has been extended though December 31, 1998.

I The CALFED Principles Agreement, in conjunction with other Federal and State efforts such as
the Central Valley Project Improvement Act (CVPIA), was intended to provide habitat protection
sufficient for currently listed threatened and endangered species and to create conditions in the

I Bay-Delta Estuary that would avoid the need for any additional listings for three years. The
Principles Agreement included an understanding that if additional listings were required due to
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unforeseen circumstances in the Estuary or to factors not addressed in the Bay-Delta Plan, that
protections of these species would result in no additional water cost relative to the Bay-Delta
protections embodied in the Bay-Delta Plan.

The Principles Agreement also states that additional water needs (to protect species) will be
provided by the Federal government on a willing seller basis financed by Federal funds, not
thfough additional regulatory re-allocations of water within the Delta. This includes, but is not
limited to, future biological opinions, incidental take statements, recovery plans, listing
decisions, and cdtical habitat designations. The Principles Agreement does not specify similar
requirements for existing or future listings under CESA. In recent years, the Department of
Interior (USDOI) has bought water with CVPIA Restoration Fund money to meet ESA
requirements (Delta smelt in spring months) in the San Joaquin River portion of the Delta. The
proposed Vernalis Adaptive Management Program (VAMP) focusing on San Joaquin basin
salmon depends on water purchases, potentially involving some State money. Unless Federal
money would be spent on water for spring run, Delta export curtailments to reduce impacts to
spring-run salmon may depend on State funding and the existence of willing sellers of water to
offset water supply costs if increased pumping at another time is not possible.

In May 1995, the SWRCB adopted the 1995 Bay-Delta Plan which identifies municipal,
industrial, agricultural, and fish and wildlife beneficial uses of water and specific objectives to
ensure reasonable protection of beneficial uses. It includes numeric objectives for flow and
water quality constituents (dissolved oxygen and salinity), SWP and CVP operations, and
narrative objectives for the protection of salmon and brackish tidal marshes in Suisun Marsh.
Objectives for SWP and CVP export limits are included in the 1995 Bay-Delta Plan to protect
the habitat of estua,’ine-dependent species. For the fall/winter months (October through
January) when yearling Sacramento River spring-run chinook salmon emigrate through the
Delta, up to 65% of Delta inflow may be diverted by the SWP and the CVP. During
winter/spring months (February through June) when young-of-the-year spring-run chinook
salmon rear in and emigrate through the Delta, up to 35% of Delta inflow may be diverted,
except if January is relatively dry, when up to 45% of inflow may be diverted in February. Up to
65% of inflow may be exported from July-September as well. Requirements imposed by the
USFWS (Biological Opinion for Delta smelt and operations of the SWP and CVP) to protect
Delta smelt limit SWP and CVP exports to 1500 cfs or the flow in the San Joaquin River at
Vernalis, whichever is greater, from mid-April through mid-May. SWP and CVP operations at
times are controlled by one of the other Bay-Delta Plan objectives (outflow, salinity, etc.) and as
a result, exports often are lower than the applicable diversion percentage would allow. Figure
44 shows the average monthly diversion percentage during past years compared to the limits in
the 1995 Bay-Delta Plan.

The SWRCB issued interim Water Right Order WR 95-6, which amended portions of Water
Right Decision 1485 to conform SWP and CVP water rights permits and licenses with the 1995
Bay-Delta Plan. WR 95-6 expires on December 31,1998. The SWP and CVP agreed to
operate to the objectives in the 1995 Bay-Delta Plan until this date or until the SWRCB adopts a
water right decision to reallocate shares of this responsibility to other parties. The USFWS and
NMFS modified their biological opinions for protection of Delta smelt and winter-run chinook
salmon in regards to Delta operations of the SWP and CVP to reflect the new water quality
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criteria. The Department concurred with the USFWS and NMFS findings with respect to the
effect of SWP and CVP operations on winter-run salmon and Delta smelt.

The SWRCB prepared an Environmental Report (ER) on adoption of the 1995 Bay-Delta Plan
(SWRCB 1995b) which described the life-history patterns of the four runs of chinook salmon,
including spring run. It acknowledged that although upstream effects are responsible for the
significant initial decline in spring run, conditions in the estuary may contribute to their
continuing decline. The ER did not analyze the effects of the 1995 Bay-Delta Plan on spring-
run salmon.

CALFED Operations Group
The Bay-Delta Plan delegates substantial authority, subject to veto by the SWRCB Executive
Director, to the CALFED Operations Group (Operations Group) to ensure compliance with take
provisions of the Biological Opinions for the Sacramento River winter-run chinook salmon and
the Delta smelt, yet avoid additional loss of annual water supply using operational flexibility
achieved through adjustment of export limits. Decisions to exercise flexibility may increase or
decrease water supplies in any month and must be based on best available data to ensure
biological protection, as well as being consistent with the ESA and CESA. Any agreement on
variations are effective immediately and remain in effect if the SWRCB Executive Director does
not object to the variations within ten days.

Operations Group deliberations are conducted in consultation with water users, as well as
environmental and fishery representatives. If the Operations Group disagrees on a particular
issue, or there is an action that requires additional water that it is believed cannot be made up
within existing requirements, by Policy Groupthe issue is decided the CALFED
(agency/department directors or representatives). If the CALFED Policy Group cannot reach
agreemenL and if the issue involve.~, protected species, a final decision is up to the appropriate

or resources While the Sacramento River spring-run chinookregulatory management agency.
salmon is a candidate species for listing under CESA, both the Commission and the
Department have authority to regulate the incidental take of spring run. If spring-run salmon is
listed by the Commission, the Department becomes the responsible entity for the management,
incidental take authorization, and restoration of spring run.

The Operations Group has a relatively brief history during which operations flexibility has been
used. Since 1995, the fishery-related actions it has undertaken in the Delta primarily have been
to reduce exports in the mid-April to mid-May period to improve salmon survival during part of
the outmigration period of San Joaquin basin salmon and, concurrently, to improve rearing and
transport conditions for Delta smelt. Exports have been curtailed temporarily in late-May and
June (1997) to reduce SWP and CVP entrainment of Delta smelt when loss rates were high.
Exports have been reduced (two weeks in January 1998) for a USFWS salmon survival
experiment designed to determine the role of export pumping on salmon in the Delta in the
fall/winter. These actions, targeted at other species or for studies, have benefitted juvenile
spring-run salmon to some degree.

Operations to recover the SWP and CVP export water supply that could have been exported
absent the fishery-related actions have occurred primarily in the fall. Water costs of spring
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1996 fishery actions were recovered through additional export pumping beginning in October
1996. The increment of export pumping associated with the make-up operation was completed
in December just as monitoring indicated spring run and other salmon were .entering the Delta,
thus avoiding any impact of make up pumping operation on salmon. Because the focus was
only on incremental effects of the make up pumping operation and not the baseline project
operation, no judgements were made regarding the pumping effects on spring-run salmon after
the make-up operation ended.

Spring 1997 fishery actions water costs were to be recovered through a combination of Delta
outflow relaxation, reservoir release/pumping adjustments, and a short-term relaxation of the
35% export limit in June 1997. Reductions in Shasta and Oroville reservoir releases in
November 1997 through January 1998 were to recover upstream storage. Export impacts were
not fully recovered because meeting Delta salinity requirements precluded reducing the outflow.
Upstream storage impacts were deemed recovered when reservoirs reached allowable flood
reservation levels and releases to maintain flood control capacity began in January 1998.

In summary, the Principles Agreement, and the Bay-Delta Plan promote the use of operational
flexibility of the CVP and SWP to provide protection for anadromous and other Delta-dependent
fish while, at the same time, not causing additional loss of water supply annually. The
Operations Group has the responsibility to use the operational flexibility of the SWP and the
CVP in such ways that species using the estuary receive more protection than they would have
received by strict adherence to Bay-Delta Plan standards. Supplemental actions that require
water will be limited by the water available through management of dedicated water and
acquisition of water from willing sellers pursuant to the CVPIA.

1997-98 SDrin_~-run Chinook Salmon Protection Plan
In a 1997 Special Order and later in emergency regulations (CCR Title 14. Section 749), the
Commission authorized take of Sacramento River spring-run salmon during its one-year
candidacy period that would occur incidental to continuation of specific otherwise lawful
activities, including operation of the SWP and CVP facilities in the Delta. In response to the
Commission’s direction to recommend target levels of protection and measures to achieve them
to the CALFED Operations Group, the Department collaborated with the CALFED agencies and
other Operations Group participants to develop a Spring-run Chinook Salmon Protection Plan
(Spring-run Plan) which established monitoring of both salmon and environmental parameters,
set criteria for environmental conditions and salmon detection indicative of risk to spring-run
salmon in the Delta, and a set of operations responses related to these criteria. The following
describes experiences during implementation of the Spring-run Plan and provides a context for
observations about this approach relative to the 1995 Bay-Delta Plan.

Spring-run Plan monitoring began in October 1997. In late-November, the DCC gates were
closed (one of the Spring-run Plan responses) pursuant to guidelines for the 45 days of DCC
gate closure provided in the 1995 Bay-Delta Plan to reduce mortality of salmon. The closure is
triggered when Sacramento River basin juvenile salmon (of any race) enter the Delta. In this
instance, the salmon caught were not spring-run. Excessive salinity in the Delta was a concern
at the time but gradually improved as Delta inflow increased, making it possible to keep the
gates closed in December and January as they normally are when Sacramento Riyer flows
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exceed about 25,000 cfs (to reduce interior Delta flood risk). The NMFS biological opinion for
winter-run salmon requires that the DCC gates be closed continuously from February 1-May 20.
Closing the DCC gates when salmon are approaching the Delta prevents them from entedng
the Mokelumne River portion of the Delta. USFWS studies indicate survival is increased by
about 50% by closing the DCC gates (USFWS 1992, unpublished data). Under certain
hydrological conditions (low flows in drier years) the adverse effect of gate closure on the ability,
to control Delta salinity may prevent closing them to reduce salmon impacts in the fall and early
winter, especially for all of November-January as recommended by the petitioners and by the
USFWS Revised Draft Restoration Plan for the Anadromous Fish Restoration Program, A Plan
to Increase Natural Production of Anadromous Fish in the Central Valley of California Delta
Action 6 (USFWS 1997b). Even with the DCC gates closed, a significant proportion of
Sacramento River juvenile salmon still enter the central Delta through Georgiana Slough. At
high export pumping rates (with no limits on reverse flows such as the former QWEST
requirement) closing the DCC gates increases reverse flows in the western, central and
southern Delta, contributing to lower survival for juvenile salmon in these parts of the Delta and
partially offsetting the benefits of DCC gate closure.

In mid-January 1998, many salmon fry appeared in the SWP and CVP fish salvage samples.
These were most probably fall-run, but some were quite likely spring run since fry were seen
both in Butte Creek and in the Sacramento River during the previous several weeks. SWP and
CVP exports, which were high during the fall months (up to 11,500 cfs), had just been reduced
to less than 4,000 cfs for the of USFWS salmon survival test. A series oflow-export phase a
intense storms caused the inflow to the Delta to increase substantially (from approximately
30,000 cfs to greater than 150,000 cfs) No action was recommended in reaction to the
increase in salmon salvage~ which declined after about two weeks. Storms continued, river
flows remained high, and SWP and CVP export pumping remained relatively low (about 3500
cfs) even after the salmon experiment ended in late Januar30. Five percent or less of Delta
inflow was being exported during most of January and even less in February, a favorable
condition for Delta fish.

To date, implementation of the Spring-run Plan in 1997-98 has been relatively simple and not
part=cularty instructive for several reasons. Through January 1998, no specific operations
response in the Spring-run Plan was initiated pursuant to a spring-run salmon criteria. The lack
of yearling spring run in 1997 made this an unusual season to be implementing such a
monitoring/response approach in the Delta. Record high flows in the spring-run tributaries in
January 1997 appear to have destroyed a large portion of BY 1996 incubating eggs and pre-
emergent fry and displaced most of the remaining emergent fry downstream. Almost no
juvenile spring-run were observed in the tributary rearing habitat through the spring and
summer of 1997, and monitoring gear did not detect yearling spring run leaving the tributaries in
the fall 199"7 when storms produced creek flows that normally trigger such downstream
movement of yearlings. Thus, because no yeading spring run were seen leaving the tributaries,
it was assumed that individual salmon seen at the fish salvage facilities in December were from
one of the other chinook salmon runs In future years when it appears spring-run salmon are
being entrained by the SWP and CVP, the certainty that they are spring-run and the
significance of the losses to the spring-run salmon population will be undoubtedly be
questioned. With the information and methods available today, neither of these questions is
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!
easily answerable. Future decision-making regarding export reductions to reduce salvage of
spring-run size salmon is likely to be controversial on the basis of uncertainty regarding run
identification, documented significance of the impact, and the issue of foregone export
recovery.

The Operations Group process has demonstrated the ability to deal with endangered fish
protection issues as envisioned in the Principles Agreement and the Bay-Delta Plan. However,
the specific hydrological conditions of the past three years (moderately to extremely wet) have
not presented many serious challenges, particularly with respect to addressing the needs of
yearling spring-run salmon. In 1997-98 there was an uncommon absence of yearlings in the fall
months. There were favorable Delta fishery and water supply conditions due to continuous
storms. At the same time, a salmon experiment was being conducted, which necessitated low
export levels in order to access juvenile survival under such an operations scenario. Otherwise,
export levels would have been considerably higher. Losses of juvenile salmon at export
facilities during this pedod would have been higher as well. In such a case, it might have been

to recommend a reduction in exports to reduce losses of spring-run salmon.necessary
Instead, all of the above combined factors obviated the need for any potentially controversial
decisions by the Operations Group.

In future drier years, a consensus decision to reduce exports may be more difficult given the
"no net water supply impact" principle and the inevitability that making up foregone water supply
later will involve risk to winter-run salmon, Delta smelt, or perhaps spring-run juveniles from
another BY. It may be very difficult for the Operations Group to find enough flexibility, given the
water supply/demand, to accommodate export reductions to reduce spring-run losses.

Use of the flexibility provided in the Principles Agreement will always involve risk and
uncertainty for both water and fishery managers and usually will require biologists to make
trade-offs among several species and/or between different life stages of a single species. It
should be recognized that there is a real limit on how much flexibility can be found in project
operations with current facilities. Furthermore, the drier the water-year, the less flexibility there
will tend to be.

Habitat Restoration and Management

Habitat restoration projects to benefit Central Valley spring-run salmon are being addressed
under two major restoration plans. The Departments Restoring Central Valley Streams: A Plan
ForAction (Action Plan) was initiated in November 1993 (CDFG 1993). The specific goal of
the Action Plan is to restore and protect California’s aquatic ecosystems that support fish and
wildlife and to protect threatened and endangered species. The USFWS AFRP was initiated in
1995. The AFRP is a component of the CVPIA which directs the Secretary of the Interior to
develop and implement a program that makes all reasonable efforts to double natural
production of anadromous fish in Central Valley streams. The AFRP incorporates many of the
actions recommended in the Action Plan. Implementation of the Action Plan and AFRP will
provide significant benefit to Central Valley spring-run salmon, particularly upstream of the
Delta. The following sections, arranged by watershed, discuss actions which have been
implemented.
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Sacramento River
Habitat restoration actions in the mainstem Sacramento River impact each of the tributary
populations of spring-run salmon as well as any populationremnant remaininginthe river.
Protection and restoration of riparian and flood plain habitat in the river reach from the mouth of
the Feather River to Keswick Dam will improve temperature, cover, and feeding conditions in
the river. This action is being addressed by the Upper Sacramento River Advisory Council,
which was originally initiated by Senate Bill 1086 (California Resources Agency 1989). Under
the direction of the Advisory Council, draft documents for the delineation and management of a
Sacramento River Riparian Zone and the creation of a management entity were completed
during 1997. Funds from the CALFED Category III process were provided in the fall of 1997 for
acquisition, restoration, and management of lands acquired under this plan.

Water quality conditions in the upper Sacramento River have been improved with the
completion of the Shasta Dam Temperature Control Device and partial completion of the device
to control the toxic metal discharges from the Iron Mountain Mine Superfund site. The CVPIA
has improved management of river flows by avoiding inadequate or fluctuating flows that cause
losses. Adult and juvenile passage at RBDD is unimpeded from September 15 to May 15,
when the dam gates are in a raised position. Efforts are underway to improve passage for
spring-run adults which must pass the dam after May 15 when the dam gates are reinstalled.
This could be in the form of fish ladder improvements or extending the dam gate removal period
under the guidance of an interagency technical team. Construction of a new fish screen and
gradient restoration structure at the GCID diversion will be initiated during 1998. During the
construction period. GCID will continue to operate the "interim" fiat-plate fish screen installed in
1993. Four major Sacramento River diverters, (Reclamation District 1004, Reclamation District
108. Provident Irrigation District, and Princeton-Codora-Glenn Irrigation District) have initiated
construction or engineering analysis and design and have been funded for fish screen
construction. ACID has modified the o~eration of their Sacramento River dam near Redding,
which will reduce flow fluctuations associated with dam operations. In addition, an engineering
analysis of options to improve adult passage and juvenile fish screen performance has been
initiated. Predictive models for hydrology, temperature, fish populations, harvest, water
development, are currently development by Ecological/Water Systemsand wetlands under the
Operations Models Project, CVPIA Section 3406(g). The implications and value of juvenile
rearing in the lower reaches of small Sacramento River tributaries continues to be under
investigation by several researchers (Maslin et al. 1997, Moore 1997).

Battle Creek
The restoration program in Battle Creek is addressing anadromous fish habitat suitable for
Sacramento River spring run above CNFH. An instream flow study demonstrated a need to
increase the minimum required flow below the dams within the drainage by a factor of ten
(Payne 1991). Presently, the flows have been increased to the recommended level below three
of the hydroelectric dams that control the flow in 17 miles of stream above CNFH. This is an
interim action under an agreement with PG&E. Spring run are now confined to this lower reach
to prevent exposure to unscreened diversions and inadequate flows. Negotiations are currently
underway to consummate a long-term agreement that would restore flow and ecological
function to the entire Battle Creek watershed. If negotiations are successful, the final
agreement would have to be embodied in an amendment to the FERC Permit for the project.
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The comprehensive plan for development of restoration actions in the watershed is being
developed with the assistance of a Technical Advisory Committee, consisting of representatives
of the responsible agencies and interested parties. In addition, a watershed planning process is
also being conducted with input from the community through a Watershed Conservancy.

The operation of CNFH is being integrated with restoration of the watershed through various
planning processes being conducted by the USFWS. DWR Northern District engineers, under
a contract funded by the Tracy Mitigation Agreement, completed a draft evaluation of fish
passage alternatives at the Eagle Canyon Diversion. Additionally, during late 1997, DWR was
awarded a CALFED Category III and USFWS grant to develop an overall fish passage and flow
management program for the remaining .Battle Creek diversions, including Wildcat and Battle
Creek Feeder diversions on the North Fork, and Coleman, Inskip and South diversions on the
South Fork.

Clear Cre~k
The Western Shasta Resource Conservation District, in conjunction with the Bureau of Land
Management (BLM), has completed the Lower Clear Creek Watershed Analysis (I:3LM 1996).
The Watershed Analysis was prepared in cooperation with various agencies and local
stakeholder groups. The Watershed Analysis developed six major restoration actions focused
upon doubling the long-term production of salmon and steelhead in Clear Creek, including
facilitating re-introduction of spring-run chinook salmon.

DWR Northern District, with funds provided by the Tracy Mitigation Account, has completed a
preliminary engineering technical evaluation and environmental review of fish passage
alternatives at the McCormick-Saeltzer Dam. In additional, a CALFED Category III grant was
awarded for further development of structural alternatives identified by the DWR evaluation.
The USBR continues to release the minimum of 50 cfs into Clear Creek below Whiskeytown
Dam, and will provide additional flows when the passage issues at McCormick-Saeltzer Dam
are resolved.

Mill Creek
On December 19, 1994, a Memorandum of Understanding (MOU) was created under the
auspices of the Mill Creek Watershed Conservancy (Mill Creek Watershed Conservancy 1994).
The MOU is a non-binding agreement, signed by the Conservancy, the Department, and many
other affected agencies and interested parties. One of the major purposes of the MOU was to
publicly recognize the commitment of the signatories to restoring and preserving spring-run
chinook salmon in Mill Creek. In 1995, with the efforts of the Mill Creek and Deer Creek
Watershed Conservancies. the Deer and Mill Creek Protection Act was passed (AB 1413),
which provides State protection against the construction of new dams or diversions on private
lands on Mill and Deer creeks. Policies that protect against new dams and diversions on USFS
land are provided in the Lassen Land and Resource Plan (USFS 1992).

Lassen National Forest grazing allotments have been reduced from a high of 4112 animal unit
months (AUM’s) in the 1920s to 360 AUM’s in 1995 (Mill Creek Watershed Conservancy 1997).
Currently, the only allotment is the Morgan Springs Allotment. The number of cattle that are
currently being grazed on the upper watershed has been established by range management
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techniques that the landowner and the USFS use to achieve a balance of productivity without
environmental damage. Cattle are rotated on and off pastures, dependent on the available
grasses and the condition of the land. The maximum number of permitted ahimals could be
reduced if warranted by environmental factors, such as drought, forage production, etc. The
USFS monitors the condition of pasture areas during, and at the conclusion of, the grazing
season (Mill Creek Watershed Conservancy 1997).

During 1997, Department screen shop personnel modified the apron and rebuilt the fish ladder
at the Ward Dam on lower Mill Creek. In addition, a supplemental water exchange agreement
was finalized which provides (at the Department’s option) a total of 25 cfs of additional flows
during key migration periods. Telemetry for two real-time flow monitoring stations in the valley
reach of Mill Creek was installed during 1997. The new telemetry provides the ability to monitor
flows included in the water exchange agreement and also provides the potential to develop and
identify juvenile migration cues. One additional gage, and additional telemetry including
turbidity and temperature, is scheduled to be installed in the upper watershed during 1998. An
evaluation of "critical dffle" passage flows was completed during 1996, which recommended
minimum migration flows be between 34 cfs and 157 cfs, dependent upon water-year type and
potential annual physical modification of key riffles in the valley reach of Mill Creek (Alley et al.
1 An evaluation of road-related sediment in the Mill Creek Watershed was996). sources upper
completed during 1997 (Meadowbrook Conservation Associates 1997).

Deer Creek
During January 1995. an MOU was created under the auspices of the Deer Creek Watershed
Conservancy (Deer Creek Water Conservancy 1995). The MOU is a non-binding agreement,
signed by the Conservancy, the Department, and many other affected agencies and interested
parties. One of the major purposes of the MOU was to publicly recognize the commitment of
the signatories to restoring and preserving spring-run chinook salmon in Deer Creek. In 1995,
under the auspices of the Deer Creek and Mill Creek Watershed Conservancies, the Deer and
Mill Creek Protection Act was passed (AB 1413), which provides State protection against
construction of new dams or d=versions on private lands of Mill and Deer creeks. Policies that
protect against new dams and diversions on USFS land are provided in the Lassen Land and
Resource Plan (USFS 1992)

Livestock exclusion fencing was installed along both upper and lower Deer Creek. Limited
removal of the exotic giant reed was conducted where it was blocking adult and juvenile
migration. Water exchange agreements with the SVlC and DClD continue to be developed.
Upon implementation, the agreements will provide (at the Department’s option), up to 50 cfs of
flow during key migration per=ocls. Additionally, telemetry for two real-time flow monitoring
stations in the valley reac~-, o’ Deer Creek was installed during 1997. The new telemetry
provides the ability to mon~to~ flows included in the water exchange agreement and also
provides the potential to develop and identify juvenile migration cues. One additional gage and
additional telemetry, including turbidity and temperature, are scheduled to be installed in the
upper watershed during 1

Big Chico Creek
Current and recently completecJ projects to recover spring-run chinook salmon populations in

Sect=on VIII Influence of Existing Management Efforts
Secu~n VIII. - Page 13

D--0 2 5 1 1 2
D-025112



Big Chico Creek include improvements for adult and juvenile passage, water quality, and
reduction in entrainment of juveniles at water diversions.

Modification of One-Mile Pool to decrease downstream siltation and turbidity has been
completed. The One-Mile Pool modification involved installing a bypass pipe around the pool to
allow removal of bedload deposits. Previous cleaning methods resulted in high turbidity and silt
deposition in the reach of the creek immediately below the pool, which were in violation of
SWRCB standards and potentially detrimental to migrating salmon.

A new diversion facility to replace the old M&T pump facility on Big Chico Creek was recently
completed and began operation in April 1997. The M&T pumps, which were located on Big
Chico Creek, were moved to the Sacramento River. Additionally, the new diversion intake was
screened. There are multiple benefits of the pump relocation as they relate to spring-run
salmon, which include increased flows in Big Chico Creek that directly benefit both juvenile and
adult spring-run salmon. Additionally, entrainment of juvenile spring-run salmon from both Big
Chico Creek and those migrating from up-river, including Mill and Deer creeks, has been
eliminated by the relocation and screening of the pumps.

Evaluation of the Iron Canyon Fish Ladder after the 1997 storm indicated that additional
modifications were necessary to improve passage. Interim repairs were made by Department
habitat shop personnel and the ladder is now passable under most flows.

Butte Creek
Current efforts to improve springurun chinook salmon populations in Butte Creek are directed
towards reduction of entrainment of juveniles in unscreened water diversions, improvements of
adult passage, increased instream flows, and protection of riparian habitat. During May 1996,
the Butte Creek Watershed Conservancy initiated a MOU similar to those developed by the Mill
Creek and Deer Creek Conservancies. The Butte Creek MOU also has as a central focus the
restoration and protection of spring-run chinook salmon in Butte Creek. As with the other
watershed MOU’s, the Butte Creek MOU was signed by the Department, other affected
agencies, and interested parties. It serves as a written commitment on the part of all signatory
parties to seek a cooperative solution to the protection and restoration of spring-run chinook
salmon. As with the other watershed conservancies, the Butte Creek Conservancy, working
with and though the California State University Chico, is developing an analysis of existing
conditions within the watershed. Ultimately the conservan, cy intends to develop an overall
watershed management plan, central to which will be the restoration and protection of spring-
run chinook salmon. The conservancy has received funding and is in the process of acquiring
approximately 300 acres of riparian land located in the lower reaches of the spring run holding
and spawning habitat.

As a result of the M&T pump relocation on Big Chico Creek, a component of the project was an
agreement to modify diversions from Butte Creek during certain key months to protect spring-
and fall-run salmon and steelhead trout in Butte Creek. Under the new agreement, up to 40 cfs
of flow (approximately 22,000 acre feet per year) that could be diverted at the Parrott-Phelan
Dam will be left in Butte Creek from October 1 through June 30 of each year. The additional
flows are dedicated under the provisions of California Water Code Section 1707, which
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i authorizes the use of water to preserve or enhance wetland habitat and wildlife resources.
Dedication under Section 1707 was implemented on a temporary basis in 1996-97, and will

I eventually be covered on a permanent basis under the terms of the agreement with the water
right holders. Telemetry for eight real-rime flow monitoring stations along Butte Creek was
installed during 1997. The new telemetry provides the ability to monitor flows included in the

I water agreement and also provides the potential to develop and identify juvenile migration cues.
Two additional gages and additional telemetry, including turbidity and temperature, are
scheduled to be installed during 1998.

I During 1994, the first fish screen on any of the many Butte Creek diversions was installed at the
Parrott-Phelan Diversion near Chico. Following installation of the fish screen, a new and

i improved fish ladder was constructed during 1995. During 1997, an inverted siphon was
constructed under Butte Creek to convey flows delivered by the Western Canal Water District,
thereby allowing removal of four dams along the valley reach of Butte Creek, south of Chico.

i Two of the four dams belonging to the Western Canal Water Distdct were removed during
1997, with the remaining two (McGowan and McPherrin) to be removed during 1998. Removal
of the dams eliminated the need to screen four major diversions, the largest of which was

i approximately 1,200 cfs. During 1997, DWR’s Northern District engineering staff, under
contract to the Department, completed preliminary engineering and environmental analysis for
structural modifications to three additional diversion structures (Durham Mutual, Adams, and
Gorrill) along the valley reach of Butte Creek. Final engineering and funding for a new fishI and fish ladder for the Durham Mutual diversion, with completionscreen are complete
scheduled for the summer of 1998. Final engineering and funding are nearing completion for
Adams and Gorrill diversions, with the possibility that construction can also be completed duringI the summer of 1998.

The Nature Conservancy, in conjunction with the California Waterfowl Association, has received

I a grant partially funded and administered by the Department, to work with local landowners
along the lower reaches of Butte Creek and the Sutter Bypass to initiate a program to improve
fish passage through the Butte Sink and Sutter Bypass. This will include evaluation of each of

I the 12 water diversion structures located in the study area, including water management
procedures and numerous water diversions associated with each structure. Final alternatives
for each site will include engineering data, estimated costs of alternatives, site locations, fish

I passage issues, design and operations issues, and an analysis of the impact of each alternative
on waterfowl and other water dependent species. The study is currently in progress and is
anticipated to be completed by mid-1998.

I Yuba River
Projects and preliminary project evaluations are in progress that will improve habitat and
survival of salmon in the Yuba River. Browns Valley Irrigation District (BVID) is proceeding to
screen their ;diversion. Screening should be completed by the summer of 1998. PC&E, as a
requirement of their FERC license, is required to implement fishery improvements on the Yuba
River. The USFWS has funded the U.S. Army Corps of Engineers (USACOE) to undertake
studies for fishery improvements at Daguerre Point Dam. Evaluations will center around
improvements in adult and juvenile passage, juvenile predation, entrainment at water

i diversions, as well as dam removal.

Section VIII. Influence of Existing Management Efforts

I Section VIII. - Page 15

D--0 2 5 1 1 4
D-025114



The USFWS has strongly recommended that the USACOE remove Daguerre Point Dam
"because this action above all will truly restore the river ecosystem, offering the greatest and
longest lasting benefits to fish and wildlife resources which rely on the river". (USFWS 1994).
The Department believes that this is a prudent alternative for fishery restoration in the lower
Yuba River.

in 1991 the Department presented testimony before the SWRCB to improve instream flows and
temperatures for salmonids. However, the SWRCB has not rendered a decision and it does not
appear that a decision will be forthcoming in the near future.

Screening of BVlD and improvements at Daguerre Point Dam will result in increased salmonid
production. However, the lack of adequate flows and temperatures and the lack of adequate
screens on the South Yuba-Brophy and Hallwood-Cordua diversions will continue to preclude
the significant improvements in salmonid populations, including spring-run chinook salmon in
the Yuba River.

Unscreened Water Diversions and Fish Passage Correction

Ongoing surveys by the Department indicate that there may be at least 2,050 unscreened
water diversions in the Delta and Sacramento River valley. These unscreened diversions pose
a risk of take of anadromous fish, including Sacramento River spring-run chinook salmon.

To ameliorate the problems posed by unscreened diversions, the Department has funded and
staffed a California Water Diversion and Fish Passage Program. The following are the key
elements of the State’s program:

(1) Inventory Water Diversions and Fish Passage Problems. The purpose of the
inventory is to locate and identify all screened and unscreened diversions This
information will be entered into the Inland Fisheries Division Geographic
Information System (GIS). Information wil~ be vedfied by site visits. The site
visits allow the Department to locate the diversion site, and gather information on
the size and number of diversions at each site. The presence and condition of
existing fish protective facilities are noted.

(2) Evaluate and Set Priorities for Fish Screening and Fish Passage Problems.
Based on the results of the inventory activities, the Department conducts field
evaluations when necessary, and then evaluates and sets priorities for identified
problems for funding and resolution.

(3) Implement and Coordinate Fish Protection Activities as They Relate to Fish
Screening and Fish Passage. Each project is different, both in the nature of the
solution and in the manner in which the solution is implemented. First priority is
to be given to those sites owned or operated by the Department. Next in priority
are to be sites which serve Department owned lands. This would be most critical
where those sites have the potential to affect, or are presently affecting, State or
federally listed species.

Section VIII. Influence of Existing Management Efforts
Section VIII. - Page 16

D--0 2 5 1 1 5
D-025115



(4) Evaluate Existing and Proposed Fish Protective instaflations. The Department
evaluates existing facilities and newly installed facilities to provide feedback for
the program. This feedback allows the Department to document the
effectiveness of its actions, and will allow the Department to modify activities to
enhance the protection afforded the resource.

(5) Review Fish Screening and Fish Passage Literature. The Department maintains
an active program of reviewing the literature on fish screening and fish passage
research and site evaluations to ensure that the Department is current with
recent developments in these fields. The Department closely monitors research
and evaluation activities in California, including the activities of the Fish Facilities

Technical Committee of the IEP for the Sacramento-San Joaquin Estuary and
the Red Bluff Research Pumping Facility.

In addition to Department efforts to implement corrective actions at unscreened and poorly
screened diversions in the Central Valley, the CVPIA requires the Secretary of the Interior to
assist the State of California in efforts to develop and implement measures to avoid losses of
juvenile anadromous fish resulting from unscreened or inadequately screened diversions on the
Sacramento and San Joaquin rivers, their tributaries, the Sacramento-San Joaquin Delta, and
the Suisun Marsh. Such measures shall include, but shall not be limited to, construction of

unscreened rehabi{itation of replacement of existingscreens on diversions, existing screens,
non-functioning screens, and relocation of diversions to less fishery-sensitive areas. The
Secretary’s share of costs associated with activities authorized under this paragraph shall not
exceed 50% of the total cost of such activity.any

Both the State and the Federal governments have ongoing programs to abate the unscreened
diversion problems. In addition to efforts by the Department, DWR has an ongoing unscreened
diversion assessment program in the Delta. The NMFS regularly participates in discussions,
project development, and engineering review of proposed screening projects. The USFWS,
under the Fish and Wildlife Coordination Act and the USACOE permitting process, reviews and
comments on proposed fish screening projects. The USBR, using drought funds, has
implemented a Fish Screening Demonstration Project for CVP contractors along the
Sacramento River.

All diversions are to be dealt with uniformly on a statewide basis, as outlined in the
Department’s Fish Screening Policy. The sequence and manner in which diversions are to be
addressed is a function of location, diversion rate, diversion timing, compliance with existing fish
screening statutes, the National Environmental Policy Act (NEPA), the California Environmental
Quality Act (CEQA), the ESA, CESA, and court decisions.

The USFWS has also developed a process and proposed evaluation criteria to be used to
identify reasonable restoration actions, which will greatly influence funding priorities for fish
passage correction and diversion screening projects. The process and criteria are described in
their 1995 Draft Anadromous Fisheries Restoration Plan.
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Operations of State and Federal Hatcheries

Coleman National Fish Hatchery_
USFWS is currently opening the fish ladder at the barrier dam at the CNFH to allowThe

upstream passage of spring-run adults from March through June. Closure of the ladder after
June 30 will generally separate spring run from later arriving fall run. A portion of the hatchery
water supply is now sterilized with ozone to remove fish pathogens originating from upstream
aquaculture facilities, resident fish, and wild-spawning anadromous fish (USFWS 1997b).

Feather River State Fish Hatchery_
Currently, the fish ladder at FRH is opened on or about September 8. Returning adults are
allowed free access to the hatchery after that date, consistent with physical constraints and
water quality. All adults entering the hatchery between September 8 and October 1, are
classified as spring run, while adults arriving after October 1 are classified as fall run. Current
production goals include the take of 7,000,000 spring-run eggs, and release of 5,000,000
juveniles at an average size of 60 fish per pound. Once the egg production goal is met, all
remaining adults classified as spring run are returned to the Feather River. All juvenile spring
run are transported to various release sites in the Carquinez Straits/San Pablo Bay area.

Salmon and Steelhead Stock Management Policy

It is the policy of the Department to maintain the genetic integrity of all identifiable stocks of
salmon and steelhead in California (Reynolds et al. 1990). To protect the genetic integrity of
California salmon and steelhead stocks, each salmon or steelhead stream shall be evaluated
by the Department and the stocks classified according to their probable genetic source and
degree of integrity. Management and restoration efforts will be guided by this classification
system, and policies relating to artificial production must also be compatible with this
classification system.

The classification system shall be employed to define the appropriate stocks and the role of
artificial production for management of each salmon and steelhead stream in California. This
classification may be applied to drainages, individual streams, or segments of streams as
necessary to protect discrete stocks of salmon or steelhead. Only designated appropriate
stocks may be placed or artificially produced in any stream within the guidelines specified under
this classification system. Exceptions to these management constraints may be allowed only
under emergency conditions that substantially threaten the long-term welfare of the fishery.
Exceptions may only be granted upon submission of a written request, which details the
emergency conditions, by a regional manager or an Inland Fisheries Division Assistant Chief to
the Chief of the Inland Fisheries Division. The Inland Fisheries Division Chief will review the
request and make recommendations for approval or denial to the Deputy Director of Fisheries
who will approve or deny the request.

The Interagency Ecological Program (IEP), Spring-run Salmon Project Work Team

The Spring-run Salmon Project Work Team (Team) has been established to provide a forum to
discuss the many issues affecting spring-run chinook salmon. This group is formed under the
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.!
I      umbrella of the IEP’s Central Valley Salmon Work Team. The Team is also tasked with

providing an avenue for discussing issues such as habitat restoration priorities, measurement of

I the overall health of the spring-run resource, new monitoring actions that ar~ needed and the
success of those that are ongoing. Last year, pursuant to Section 670.6 of Title 14, CCR, the
Spring-run Salmon Project Work Team produced a report for the Commission entitled The

I Status of the Sacramento River Spring-run Chinook Salmon (Baracco 1997).

Watershed Management Planning

I An essential component of salmon management and restoration is strong public support to
ensure program success. Successful implementation of any measures, particularly on privately

i owned land to protect, restore, and enhance habitats for spring-run salmon is facilitated by
close coordination and communication with the newly established and forming watershed
conservancies in the Central Valley. The following organizations are instrumental in the
successful implementation of management activities to restore and protect spring-run salmon inI the Central Valley. The following narrative sections have been provided by respectivethe
organizations.

I Lower Clear Creek Coordinated Resource Management Plan ~CRMP)
The Lower Clear Creek CRMP was formed in 1994 and received funding from CVPIA
(administered by USBR) and Natural Resources Conservation Service in September 1996. The

I CRMP’s goal related to fisheries is to "protect and enhance the long-term productivity of the
Clear Creek aquatic ecosystem with special emphasis on salmon and steelhead and to restore
spring-run salmon and steelhead to the area upstream of McCormick-Saeltzer Dam as soon as

i possible." Private landowners, stakeholders, concerned citizens, Federal, State, and local
government agencies make up the CRMP.

I The preferred solution to the fish passage problem at McCormick-Saeltz.er Dam appears to be
in the form of a new dam or new fish ladder. The CRMP endorses an effort to introduce spring-
run spawners to the area upstream of McCormick-Saeltzer Dam so that there will be adults

i returning when the passage problem is solved.

In the meantime, their focus has been on habitat improvements. Work performed includes:

i (1) introducing spawning gravel both up and down stream of McCormick-Saeltzer Dam; (2)
completing an erosion inventory for the watershed and several demonstration projects; (3)
completing a fuels inventory for the watershed and working on shaded fuel breaks and

i controlled burns; (4) designing channel reconstruction projects for the gravel-mined area
downstream of McCormick-Saeltzer Dam; (5) negotiating increased flows from Whiskeytown
Reservoir during the Octob~=r to April period (for fall-run chinook); and (6) monitoring of channel

i substrates and fisheries by agencies.

Ba.ttle.Creek Watershed Conservancy

i The Battle Creek Watershed Conservancy has been formed with assistance of the local
Resource Conservation Districts. Property owners with economic interests and concerns for
the environmental health of the watershed will likely be members. Watershed issues and the

i operating procedures of the group are being identified. Since the Battle Creek watershed is

Section VIII. Influence of Existing Management Efforts

I Section VIII. - Fage 19

D--0 2 5 1 1 8
D-025118



believed to have some of the finest remaining habitat for spring-run chinook salmon, community
members want to be involved with the implementation of a fish restoration program. Funding
for this local watershed group is provided by the AFRP (50%) and Category-III (50%). In
addition to the work being initiated by the community conservancy, a technical planning effort
has been funded with Category III monies. The Battle Creek Working Group meets regularly to
review and discuss the technical issues applicable to restoring wild salmonids while maintaining
the CNFH mitigation responsibility of the CVP.

Mill Creek Conservancy
The Mill Creek Conservancy is a non-profit conservation group that is devoted to resource
protection and enhancement through cooperative efforts of landowners, agencies, and other
groups dedicated to a healthy ecosystem. The Conservancy’s mission is to sustain the
historical pristine condition, appropriate land uses, and the biological integrity of the Mill Creek
watershed. The Conservancy believes that the landowners have been, and will continue to be,
the best stewards of the land, and that community stewardship is desirable for long-term
resource protection.

During 1997, the Mill Creek Conservancy: (1) participated in storm assessment; (2) submitted a
grant proposal for revegetation projects; (3) continued support of the Los Molinos student
projects; (4) sponsored an annual Watershed Advisory Committee meeting which was attended
by more than 50 concerned citizens; (5) supported Department fish surveys; (6) provided input
regarding listing and incidental take regulation for spring-run chinook salmon; (7) submitted
comments regarding impacts from CALFED policies on spring-run chinook salmon; (8) pursued
a Fire Management Plan for the Mill Creek watershed; (9) and developed an Implementation
Plan for the Mill Creek Watershed Management Strategy.

Deer Creek Watershed Conservancy
The Deer Creek Watershed Conservancy (DCWC) was formed in March 1994 by the
landowners within the watershed and people who divert water from Deer Creek. The DCWC
embraces the following goals: (1) protection of the unique ecological, social, and cultural values
of Deer Creek; (2) the preservation of private property rights; (3) the promotion of responsible
land stewardship that has preserved the extraordinary resource values and economic uses
resulting in watershed stability for generations; (4) a mechanism by which agencies responsible
for the management of public trust resources in the watershed can tailor their programs to local
conditions; and (5) the education of the community and the general public about Deer Creek.
Since its formation, DCWC has committed its efforts toward the enhancement of fish habitat in
Deer Creek. An immediate goal of DCWC is to prevent any degradation of an already
diminished spring-run salmon population. Early commitment to this goal was demonstrated by
DCWC’s initiation of State Assembly Bill 1413, which prohibits the construction of new dams,
diversions, or water impoundments.

The DCWC has joined with Federal, State, and local resource managers, conservation groups,
universities, local schools, and other interested individuals to develop a collaborative process
for watershed management planning. DCWC has created, during its Phase I time-frame, a
Watershed Action Committee (VVAC) comprised of representatives from the above-mentioned
entities that met for the first time in May 1996. The WAC has held eight meetings and has
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I tasks: ) drafted goals for watershed management andsuccessfullycompleted the following (1
protection; (2) assembled existing information concerning the watershed in an Existing
Conditions Report; (3) collected data for the Historical Report; (4) reviewed and compiled the

and policies affecting Deer Creek; (5) identified concerns andexisting plans, programs,
priorities for implementation projects in order to comprise the Watershed Management Strategy
Report; and (6) designed and implemented a comprehensive on going monitoring program forI Deer Creek. A Watershed Management Strategy Report is in preparation.

Phase II of the planning process will commence upon completion of the Watershed

I Management Strategy, which is currently being developed. Phase II will focus on implementing
the actions identified in the Watershed Management Strategy Report, the on-going monitoring
program, and annual progress reports. All above mentioned documents will eventually

I comprise the Deer Creek Watershed Management Plan. This Plan will be a living document to
reflect new information, natural watershed events, and new identified projects, and will provide
the framework for the Conservancy to assist the landowners in long-term stewardship of the

I watershed. DCWC has also applied for funding from CALFED to produce a Fire Plan, a Flood
Plan and a Range Management Plan. This phase will be a continuing part of the process to
provide hands-on stewardship and commitment toward maintaining and enhancing the

I condition of the Deer Creek watershed.

Big Chi¢o Creek Watershed Alliance

i In response to the reverse flows in Big Chico Creek, caused by in stream pumping at the M&T
Chico Ranch, concerned citizens formed a Task Force in 1991 and began meeting on a
monthly basis. The Task Force began a process intended to ensure the creek’s vitality, and
preserve and restore native salmon and steelhead populations. The City of Chico, M&T Chico

I Ranch, the Department, DWR, Regional Water Quality Control Board, Streaminders,
Sacramento River Preservation Trust, Chico Fly Fishers, and local citizens set goals,

i objectives, and a timeline for implementation of specific projects.

In May 1997, the Task Force changed its name to the Big Chico Creek Watershed Alliance
(Alliance) and reconfirmed its commitment to long-term watershed-wide protection employing ai strategy management.of adaptive

The Alliance has worked cooperatively to accomplish many of the projects which have been

i developed to meet the goals and objectives. A major accomplishment was the relocation of the
M&T Pumps to the Sacramento River, allowing salmonids and other native fish unrestrained
access to the creeks. The initial GIS mapping of the Big Chico Creek upper watershed has

I been completed. Funding has been sought to map the entire watershed, which includes
important nonnatal rearing habitat for salmonids in Rock, Mud, and Sycamore creeks and Lindo
Channel.

I With the completion of the GIS, the Alliance will start a process to create a comprehensive,
holistic management, restoration, and implementation plan for the watershed. The Alliance has

I completed a MOU that will help build partnerships with landowners, State and Federal
agencies, city and county government, conservation groups, and watershed stakeholders.
Additionally, the Alliance has applied for funding for a gravel management plan, ripadan
restoration projects, a coordinated ~chool watershed education program, and a fencing project
to exclude cattle from the creek, as well as a restoration project in the upper watershed.
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Butte Creek Watershed Conservancy
The Butte Creek Watershed Conservancy was formed in September 1995 to encourage
watershed-wide cooperation and communication between residents, landowners, water users,
recreational users, and local, State, and Federal agencies. The mission statement of the
Conservancy is: ’q’he Butte Creek Watershed Conservancy was established to protect, restore
and enhance the cultural, economic, and ecological heritage of the Butte Creek Watershed
through cooperative landowner action." The Conservancy has circulated a MOU, which was
signed by many of the agencies and groups involved with Butte Creek projects, to develop a
watershed management strategy (WMS). The USFWS, CALFED and the National Fish and
Wildlife Foundation have funded the initial elements of the WMS through the Department of
Geography and Planning at California State University, Chico and the Conservancy. The
Conservancy has also received grants for the K-12 education program on Butte Creek from
USEPA 319(h) funds and a grant for a full-time watershed coordinator from For the Sake of the
Salmon, an Oregon non-profit group dedicated to restoring anadromous fisheries.
Stakeholders formed a Watershed Advisory Committee to work with the project at the University
in defining important issues and concerns for inclusion in an Existing Conditions Report. This
report will form the basis of the WMS to be developed with the stakeholders in 1998. The
Conservancy has been most active in raising awareness of the watershed and the desire to
promote their mission. These efforts include an annual Spring-run Chinook Salmon
Celebration, a silent auction and benefit, a newsletters, and a website for the Conservancy.

Although the projects and plans may seem ambitious, the Alliance members are committed to
the restoration and preservation of salmon and steelhead populations in the Butte Creek
watershed.

Spring-run Work,group
The Spring-run Workgroup (Workgroup) was formed in 1992 for the stated purpose of
developing a coalition of individuals, groups, and organizations to achieve a grassroots
restoration of spring-run chinook salmon. As intended when initially formed, it continues to be a
broad amalgam of groups and individuals, all with a common goal of protecting and restoring
Sacramento River spring-run chinook salmon.

The Workgroup, which operates by consensus, is facilitated by the University of California at
Davis Sea Grant Extension Program, under a grant funded by the Commercial Salmon Stamp
Account and administered by the Department. The Workgroup meets on a monthly basis, and
has involved over 300 individuals representing private landowners, agencies, agriculture, cities,
counties, environmental groups, the timber industry, and commercial and sport fishing groups.
The Workgroup’s fundamental tenet is inclusion and cooperation, a basis which has served an
invaluable role in bringing together the disparate stakeholders and constituencies.

Restoration Programs

Several existing key Federal and State programs are helping to facilitate protection and
restoration of spring-run chinook salmon within the Central Valley. The following report section
provides a summary of program actions relevant to spring-run salmon.
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Central Valley Pro_iect Improvement Act
The CVPIA is one of the most important programs, having great potential in the successful
funding and implementation of many restoration actions needed to protect and restore spring-
run chinook salmon. The CVPIA requires the Secretary of the Intedor to implement a wide
variety of operation modifications and structural repairs in the Central Valley for the benefit of
the anadromous fish resources. Section 3406(b)(1), known as the AFRP, directs the Secretary
of the Interior to develop and implement a program that makes allreasonable effortstodouble.
natural production of anadromous fish in Central Valley streams. Sections 3406(b)(1) through
(21) of the CVPIA authorize and direct the Secretary, in consultation with other State and

American and affected interests to take the following actions,Federal agencies, Native tdbes,
all of which will ultimately assist in protecting and restoring Sacramento River spring-run
chinook salmon:

3406(b)(1 )(A) - Modify CVP operations to protect and restore natural channel and
riparian values.

3406(b)(1)(B) - Modify CVP operation based on recommendations of USFWS
after consultation with the Department.

3406(b)(2) - Manage 800,000 acre-feet of CVP yield for fish, wildlife, and
habitat restoration purposes after consultation with USBR and
DWR and in cooperation with the Department.

3406(b)(3) - Acquire water to supplement the quantity of water dedicated for
fish and wildlife water needs under (b)(2), including modifications
of CVP operations; water banking; conservation; transfers;
conjunctive use; and temporary and permanent land fallowing,
including purchase, lease, and option of water, water rights, and
associated agricultural land.

3406(b)(4) - Mitigate for Tracy Pumping Plant Operations.
3406(b)(5) - Mitig ate for Contra Costa Pumping Plant operations.
3406(b)(6) - Install temperature control device at Shasta Dam.
3406(b)(7) - Meet flow standards that apply to CVP.
3406(b)(8) - Use pulse flows to increase migratory fish survival.
3406(b)(9) - Eliminate fish losses due to flow fluctuations of the CVP.
3406(b)(10) - Minimize fish passage problems at RBDD.
3406(b)(11) - Implement Coleman National Fish Hatchery Plan and modify

Keswick Dam Fish Trap.
3406(b)(12) - Provide increased flows and improve fish passage and restore

habitat in Clear Creek.
3406(b)(13) - Replenish spawning gravel and restore riparian habitat below

Shasta Reservoir.
3406(b)(14) - Install new control structures at the DCC and Georgiana Slough.
3406(b)(15) - Construct, in cooperation with the State and in consultation with

local interests, a seasonally operated barrier at the head of Old
River.

3406(b)(16) - In cooperation with independent entities and the State, monitor
fish and wildlife resources in the Central Valley.
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Resolve fish passage and stranding problems at ACID Diversion3406(b)(17)
Dam.

3406(b)(19) - Reevaluate carryover storage criteria for reservoirs on the
Sacramento and Tdnity rivers.

3406(b)(20) - Participate with the State and other Federal agencies in the
implementation of the on-going program to mitigate for GCID’s

- Hamilton City Pumping Plant.
3406(b)(21) - Assist the State in efforts to avoid losses of juvenile anadromous

fish resulting from unscreened or inadequately screened
diversions.

In addition to the aforementioned CVPIA actions, Section 3406(e) (1) through (6) directs the
Secretary to investigate and provide recommendations on the feasibility, cost, and desirability of
implementing the actions listed below. VVhen completed, these actions will provide additional
understanding of the overall ecosystem problems and provide additional measures which will
benefit spdng-run chinook.

3406(e)(1) - Measures to maintain suitable temperatures for anadromous fish
survival by controlling or relocating the discharge of irrigation
return flows and sewage effluent, and by restoring riparian forests.

3406(e)(2) - Opportunities for additional hatchery production to mitigate the
impacts of water development and operations on, or enhance
efforts to increase Central Valley fisheries: provided, that
additional hatchery production shall only be used to supplement or
to re-establish natural production while avoiding adverse effects
on remaining wild stocks.

3406(e)(3) - Measures to eliminate barriers to upstream and downstream
migration of salmonids.

3406(e)(4) - Installation and operation of temperature control devices at Trinity
Dam and Reservoir.

3406(e)(5) - Measures to assist in the successful migration of anadromous fish
at the DCC and Georgiana Slough.

3406(e)(6) - Other measures to protect, restore, and enhance natural
production of salmon and steelhead in tributary streams of the
Sacramento River.

Section 3406(g) of the CVPIA directs the Secretary to develop models and data to evaluate the
ecological and hydrologic effects of existing and alternate operations of public and private water
facilities and systems to improve scientific understanding and enable the Secretary to fulfill
requirements of the CVPIA,

Finally, habitat restoration actions not directly addressed in the aforementioned actions, such as
restoration measures on streams tributary to the Sacramento River, will be managed by the
AFRP of the USFWS. Section 3406(b)(1) of the CVPIA directs the Secretary to develop and
implement a program which makes all reasonable efforts to ensure that, by the year 2002,
natural production of anadromous fish in Central Valley dvers and streams will be sustainable,
on a long-term basis, at levels not less than twice the average levels attained during the period
of 1967-91. The AFRP released its revised draft restoration plan in May 1997, and, similar to
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the Department’s Central Valley Restoration Plan released in 1993, the USFVVS plan contains a
listing of actions deemed necessary to protect and restore anadromous fish, including
Sacramento River spring-run chinook salmon, in the Sacramento Valley.

Section 3407 of the CVPIA established in the Treasury of the United States the "Central Valley
Project Restoration Fund". Funds up to $50,000,000 per year are authorized to be appropriated
to the Secretary to carry out program, projects, plans, and habitat restoration, improvement,
and acquisition. The funds are derived by payments from CVP water and power users.

A_~reement Between the Department of Water Resources and the Department of Fish and
Game to Offset Dire(;t Fish Losses in Relation to the Harvey O. Banks Delta Pumping

The agreement, also known as the Four-Pumps Agreement, between DWR and the
Department has proven to be a mutually beneficial program to protect and restore habitat for
anadromous fish, particularly for chinook salmon. The agencies, through the Four-Pumps
Agreement, have successfully designed and implemented several projects to benefit
Sacramento River spring-run chinook salmon on Mill and Deer creeks. Funding is available
through this agreement on a project-by-project basis. Projects that provide quantifiable benefits
to Sacramento River spring-run chinook salmon, within specified cost benefit analyses, are
generally funded.

A_~reem~nt tO Reduce ~nd Offset Direct Fish Losses Associated with the ODeration of
th~ Tracy Pumping Pliant ~nd Tracy Facility_Fish Collection
The agreement, also known as the Tracy Agreement, between the USBR and the Department
provides a mechanism to identify, develop, and implement habitat restoration measures for
anadromous fish in a manner similar to the Four-Pumps Agreement. Its funding was used to
develop environmental documentation and permitting for the Western Canal Siphon Project on
Butte Creek, and additionally was used to dev=.lop preliminary engineering and environmental
documentation at six other sites on key spring-run tributaries.

category III
The "Prmcil~les for Agreement on Bay-Delta Standards Between the State of California and
Federal Government" called for the development of a program of so-called "Category III"
measures. Category I and II measures address water quantity and water operations while
Category III measures address non-flow related habitat issues. The "Principles" provide for
funding of Category III activities estimated to be $60,000,000 annually (for three years), to be
secured through a combination of Federal and State appropriations, user fees, and other
sources. It was further agreed that urban and agricultural water suppliers will work with State
and Federal agencies and environmental interests in an open process to determine project
priorities and financial commitments for the implementation of Category III measures.

Safe, Clean. Reliable Water SUD_Dly Act (Act)
The Safe, Clean Reliable Water Supply Act, also know as Proposition 204, passed by the
voters of California in November 1996, is equal in importance to the CVPIA in providing the
funding to implement restoration actions needed to protect and restore spring-run chinook
salmon. The Act, in part, provides the State and local cost share for projects funded under the
CVPIA and CALFED Bay-Delta Program, both of which have components that will significantly
advance Sacramento River spring-run chinook salmon restoration programs. The Act
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authorizes a variety of programs that provide both direct and indirect benefits to Sacramento
River spring-run chinook salmon. The following sections of the Act are expected to provide
benefits to Sacramento River spring-run chinook salmon restoration efforts:

Chapter 4, Article 2. - Central Valley Project Improvement Program: Creates the
Central Valley Project Improvement Subaccount ($93,000,000) for the purpose of
providing the State’s share for the costs for fish and wildlife restoration measures
required by Section 3406 of the CVPIA (P.I. 102-575). Preference is given to projects
for the purpose of installing fish screens at diversions identified in the CVPIA, for which
deadlines have been established by State or Federal agencies or by State or Federal
courts.

Chapter 4, Article 3. - Bay.Delta Agreement Program: Creates the Bay-Delta
Agreement Subaccount ($60,000,000) for the purpose of implementing non-flow-related
projects called for in the Water Quality Control Plan for the Bay-Delta. Those projects
are known as "Category II1" activities called for in the "Principles for Agreement on Bay-
Delta Standards between the State of California and the Federal Government",
December 15, 1994. Category III projects have been, and are currently being funded,
which have given a priority to restoration of spring-run chinook salmon.

Chapter 4, Article 4. - Delta Levee Rehabilitation Program: Creates the Delta Levee
Subaccount ($25,000,000) for the purpose of providing local assistance under the delta
levee maintenance subventions program and for special flood protection projects.
Funds expended under this article must demonstrate consistency and a net long-term
habitat improvement program and have a net benefit for aquatic species in the Delta as
evidenced by a wdtten determination by the Department.

Chapter 4, Article 5. - South Delta Barriers Project: Creates the South Delta Barriers
Subaccount ($10,000,000) for the purpose of mitigating non-SWP or non-CVP impacts
and for the purpose of environmental enhancement in the Delta. Funds expended
under this article must be determined in writing by the Department to provide habitat
benefits.

Chapter 5, Articles 2-4. Clean Water and Recycling Program: Creates several
subaccounts for the purpose of providing funding for projects under the Clean Water
ACt, Water Recycling Programs, and Drainage Management Programs, which serve to
improve water quality and quantity. These programs are expected to provide benefit to
spring-run restoration efforts as they relate to projects implemented within the Delta.

Chapter 5, Article 5. Delta Tributary Watershed Program: Creates the Delta
Tributary Watershed Program Subaccount ($15,000,000) for the purpose of
implementing projects in tributaries which drain into the Delta for the following purposes:
(1) reduction in the presence of contaminants; (2) increase yield of water by various
means including restoration of upland meadows, and repair to stream channels; (3)
improvement, restoration, or enhancement of fisheries habitat; and (4) improvement of
overall forest health.

I
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I 6, Articles 2-6. Water Supply Reliability: Creates the Water SupplyChapter
Reliability Supply Account ($117,000,000) with several subaccounts containing
provisions potentially beneficial to spring-run chinook salmon, primarily through the

I development of increased flows in key spring-run tributaries. Additionally, Articles 5 and
6 provide for general habitat acquisition and water management for the acquisition and
restoration of riparian habitat, riverine aquatic habitat, and other lands in close proximity

I to rivers and streams.

Chapter 7. CALFED Bay-Delta Ecosystem Restoration Program: Creates the Bay-

I Delta Ecosystem Account ($390,000,000) for the specific purpose of implementing
projects, identified in the programmatic EIS/EIR, that are intended to improve and
increase aquatic and terrestrial habitats and ecological functions in the Bay-Delta

I ecosystem. For the purposes of this chapter, the Bay-Delta ecosystem means the Bay-
Delta and its tributary watersheds. Eligible projects may include, but are not limited to,
the following: (1) protection and enhancement of existing habitats; (2) restoration of

i tidal, shallow water, riparian, dverine, wetlands, or other habitats; (3) expansion of
wetland protection programs; (4) acquisition of water for instream flow improvements;
(5) improved habitat management; and (6) protection and management.

I Section 78691 authorizes the issuance of bonds in the total amount $995,000,000of for
the express purpose of implementing the various provisions of the Act. Funds are
derived from the sale of general obligation bonds supported primarily from personal andI income taxes and sales taxes.corporate

Monitoring Programs and Studies

Monitoring programs are currently in progress that are addressing various aspects of spring-run
life-history. Table 26 provides a general summary of existing efforts. Additionally, specific

I details of the various programs may be referenced in several publications which include Status
of Actions to Restore Central Valley Spring-run Chinook Salmon (Mills and Ward 1996), The
Status of the Sacramento River Spring-run Chinook Salmon (Baracco 1996), Central Valley

I Spring-run Chinook Salmon, A Status Report to the Fish and Game Commission January-June,
1997 (CDFG 1997), and the Comprehensive Assessment and Monitoring Program (CAMP)
Implementation Plan (USFWS 1997c).

I The following specific monitorip, g activities are discussed to provide information on key areas of
investigation.

i       Sacramento River
Estimates of the total numbers of adult spring-run salmon using the Sacramento River

i upstream of RBDD continue to be generated through the use of a closed circuit video camera
monitoring salmon passing through the ladders. Racial differentiation has, in the past, been
based upon coloration, scale embeddedness, sexual maturity, and professional judgement of
the observer. In addition, aerial redd counts are generally conducted during September and
October.

Battle CreekI The USFWS uses a video monitor tv count adult salmon passing upstream through the ladder

Section VIII, Influence of Existing Management Efforts

I Section VIII. - Page 27

D--0251 26
D-025126



at the CNFH Barrier Dam during the period April through June. Additionally, surveys of the
adult holding areas above the CNFH Barrier Dam are conducted during the summer, as well as
limited surveys of spawning activity during September and October.

AnteloDe Creek
Currently, eight miles of spring-run adult holding habitat are surveyed during July.

Mill Creek
In the recent past, adult spring-run salmon have been counted utilizing a counting station at the
Clough Dam fish ladder. Clough Dam was partially destroyed in early 1997, eliminating the use
of this method. During 1997, the adult count was based upon observations of redds. In
addition, juvenile life-history monitoring is being conducted beginning in December in the
spawning and readng areas of Mill Creek above the valley floor. Relative growth rate and size
are monitored through September. Concurrent with the growth studies, non-intrusive tissue
samples are taken for DNA analysis. Yearling outmigration is monitored through the use of a
rotary screw trap at the Upper Diversion Dam during the period October through December.

Deer Creek
Adult counts in Deer Creek have used three methods since 1986, including ladder counts,
estimates from an indicator reach, and snorkel surveys cf the entire adult holding area.
Currently, a snorkel survey of the entire holding area is the preferred method. Juvenile
evaluations in Deer Creek are similar to those being conducted in Mill Creek.

Biq Chico Creek
Sporadic surveys of adult holding areas have been conducted since 1986. Starting in 1992,
annual snorkel surveys were made of the adult holding area from Iron Canyon to Higgins Hole.
Juvenile outmigration is monitored from December through June through the use of fyke nets
placed in the creek near the Five Mile Recreation Area.

Snorkel surveys are performed by Department personnel at least twice each year, between the
Quartz Pool and the Parrott-Phelan Diversion Dam. Holding adult salmon are counted in late
August, then in late September the survey is repeated and live salmon, carcasses, and redds
are counted. In August-September 1998, at least three complete surveys will be conducted to
recover CWTs from 1995 BY adult spring-run salmon carcasses.

A study began in 1995 to monitor downstream migrating juvenile spring-run chinook salmon in
Butte Creek. Specifically, critical information obtained includes time of emergence, instream
rearing and emigration patterns, size at emigration, duration of emigration, and a measure of
relative abundance. The purpose of the study is also to CWT as many spring-run juvenile
salmon as possible so that growth and timing can be monitored as the juveniles move
downstream. Recovery of tagged fish in the mainstem Sacramento River, Sacramento-San
Joaquin Delta, and the SVVP and CVP is key to understanding the emigration and rearing
patterns of spring-run chinook salmon from Butte Creek.

O~;ean Harvest
The Department’s Ocean Salmon Project (OSP) is responsible for sampling the recreational
and commercial ocean salmon fisheries at all California ports where significant numbers of
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salmon are landed. The OSP typically samples at least 20% of the landings to ensure that the
CW’T recovery data from California’s ocean fisheries is comparable to the CWT data from other
Pacific Coast states and Canada that provide data to the Regional Mark Information System. In
1997, the OSP began collecting fin-clip data in the course of its usual port sampling for eventual
DNA microsatellite analysis. Specifically, these data were collected from all CWT fish that were
recovered; a significant number of salmon less than 24 inches TL were sampled in the

fishery the Gulf the Farallones, during July through September 1, whererecreational in of
anglers were required to keep the first two salmon caught (except coho) regardless of size; and
dudng the late Apdl commercial fishery south of Lopez Point.

!
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IX. SUGGESTIONS FOR FUTURE MANAGEMENT

Disease

Unimpeded passage for adults at fish ladders (like RBDD) and within stream channels is critical
in order to minimize the likelihood of physical injury, stress, and subsequent infection. Ensuring
adequate flows for adults and juveniles is necessary ensure adequate passage, asto well as
adequate water temperatures in order to minimize stress and disease proliferation during adult
migration, adult holding, egg incubation (fungus problems), and juvenile rearing and emigration.

Minimizing handling of adults at weirs and establishing a maximum water temperature criteria,
after which handling is prohibited (temperature cdteria < 59°F), should also be employed.

For handling of juveniles during monitoring and tagging programs, the following protocols should
be employed: (1) use of a buffered anesthetic solution; (2) water-water transfers, since exposure
to air induces maximal stress response; (3) use of smooth "soft" surfaces for examining fish; and
(4) a maximum holding time of one hour.

Harvest

Inl~.nd Sport Fishing Reaulations
Sport fishing regulations for spring-run chinook salmon within the Central Valley are summarized
in Appendix C. Specific protections for spring-run chinook salmon in Mill, Deer, Big Chico, and
Butte creeks were added to the regulations in 1994 In addition, existing regulations and
changes which were incorporated for the protection of winter-run chinook salmon provide some
level of protection for spring-run chinook salmon. The following additional changes, listed by
tr=butary, should be considered to provide complete coverage within the Central Valley.

General: Currently, for the protection of winter-run chinook salmon, in the reach of the upper
Sacramento River from the Deschutes Road Bridge to 650 feet below Keswick Dam, where
fishing is otherwise open for other species dudng a period when winter-run salmon are present,
regulations prohibit the removal from the water during the process of release, any salmon caught
incidentally. This prohibition should be applied uniformly throughout the existing or potential
range of spring-run chinook where existing regulations allow the possibility of incidental catch.

Sacramento River. The Sacramento River is currently open to fishing from August 1 through
January 14 in the reach from Deschutes Road Bridge to Bend Bridge, with a daily bag and
possession limit of two salmon. Spring-run salmon are present within this reach dudng the
period August 1 to October 15. To eliminate any take of spring run, the regulation would need to
be changed to a daily bag and possession limit of zero salmon, dudng that pedod. Additionally,
the Sacramento River is open to fishing with a daily bag and possession limit of two salmon, in
the reach from the Carquinez Bridge upstream to Bend Bridge (approximately five miles
upstream of Red Bluff) during the period July 16 through January 14. Spring-run salmon,
particularly in the reach from Hamilton City to Bend Bddge, are present dudng the pedod July 15
through October 15. To prevent any harvest, the regulation would have to be changed to a daily
bag and possession limit of salmon in the reach from Hamilton to Bendzero City Bridge during
the period July 16 through October 15.
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Feather River. The current regulations on the Feather River provide exposure for the take of I
Feather River spring-run salmon as follows:

(1) in the reach from Table Mountain Bridge to the Highway 70 Bridge, open from 1
January1 through August 30, the bag and possession limit is two salmon;

1
(2) in the reach from the Highway 70 Bridge to a point 100 yards upstream from the

Thermalito Afterbay, open from January 1 through September 30, the bag and 1
possession limit is two salmon;

(3) in the reach from a point 100 yards upstream from Thermalito Afterbay outlet to
the mouth of Honcut Creek, open from January 1 through October 15, the bag
and possession limit is two salmon;

(4) in the reach from Honcut Creek to the mouth of the Feather River at the
Sacramento River, open all year, the bag and possession limit is two salmon.

Given the issue of FRH hybridization, the contribution of these fish to the sport fishery has no
effect on maintenance of remnant wild spring-run populations. In the event that recommended
future management of the Feather River includes re-establishment of true spring run, then
regulations should be also by modified to reduce exposure of these fish to legal harvest.

There is a potential for take of Yuba River spring run in the lower Feather River. Upon further
examination of creel census information, the following regulation change could be considered:

(1) from the mouth at the Sacramento River to the Highway 20 Bridge between I
Marysville and Yuba City would be open as currently stated in the regulations with
the following exception

(2) from March 1 through July 15, a gear restr=ction of artificial lures with barbless
hooks and a daily bag and possession limit of zero salmon.

Yuba River : The current regulations on the Yuba River provide for the potential take of spring-
run salmon as follows:

(1) the reach from the mouth at the Feather River to Daguerre Point Dam is currently
open to general fishing all year and closed to salmon fishing from October 16 II
through December 31. However, from January 1 through October 15, the bag
and possession limit is two salmon;

(2) the reach from Daguerre Point Dam to the Highway 20 Bridge, open from January
1 through September 30, the bag and possession limit is two salmon.

To prevent any take of adult spring-run salmon during upstream migration, the regulations would
need to be changed as follows:

(1) the Yuba River from the mouth at the Feather River to Daguerre Point Dam
should remain open to general fishing all year, including the closure to salmon
fishing from October 16 through December 31. However, from March 1 through
July 15, a gear restriction of artificial lures with barbless hooks, and a daily bag
and possession limit of zero salmon should be imposed;

!
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the Yuba River from Daguerre Point Dam to Englebdght Dam should be open to(2)
fishing from December 1 through September 1 with a gear restriction of artificial
lures with barbless hooks and a daily bag and possession limit of zero salmon.

Ocean SPOrt Fishin0 Reoulations
Based on the ocean recovery data for FRH spring-run chinook, the current minimum size limit of
24 inches TL can be expected to nearly eliminate the take of age-2 fish, thereby reducing the
harvest of spring-run chinook by approximately 26%.

The timing of FRH spring-run chinook CVVT recoveries during the ocean recreational season
suggests that delaying the opening of the recreational ocean salmon seasons south of Point
Arena could reduce the harvest of age-3 and age-4 FRH spring-run chinook by at least 24% and
27%, respectively. In reality, the fishing mortality may only be deferred to later in the season if
the fish do not leave the ocean to return to their natal tributaries.

The Winter Chinook Ocean Harvest Model (CDFG 1989) should be reviewed for possible
modification by including Cramer and Demko’s cohort analysis parameters; it could then be used
to evaluate the effects of various ocean fishery management measures such as seasons, size
limits, fishing methods, etc. on spring-run chinook spawning escapement.

Sport and commercial ocean salmon fishing regulations for 1996-1998 can be found in
Appendix C.

Habitat Restoration

The two most recent restoration plans within the Central Valley, Restoring Centra/Val/ey
Streams. A Plan for Action (Action Plan) (CDFG 1993), and the Revised Draft Restoration Plan
for the Anadromous Fish Restoration Program, A Plan to Increase Natural Production of
Anadromous Fish in the Central Valley of California (AFRP) (USFWS 1997b), contain both
general and specific actions to benefit spring-run salmon. Many of the actions listed in both the
Action Plan and AFRP have already been completed, and are summarized in this document in
Section VIII. The following sections list continuing and yet to be completed actions, as identified
in the Action Plan or the AFRP, which wil! provide benefit to spring-run chinook salmon. For
additional details or actions, consult either the Action Plan or AFRP.

Sacramento River
In order to maintain or enhance the potential for a sustaining population of spring run in the
mainstem Sacramento River, and to maximize the migratory and juvenile rearing habitat for
tributary populations, the following actions should be implemented for the Sacramento River:

(1) Implement a river flow regulation plan.
(2) Implement a schedule for flow changes.
(3) Continue to maintain water temperatures at or below 56°F from Keswick Dam to

Bend Bridge to the extent controllable.
(4) Continue to raise the gates at the RBDD from September 15 through at least May

(5) Continue to implement the Anadromous Fish Screen Program.
(6) Implement the current reconstruction of the GCID fish screen and delivery

channel.
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(7) Continue to develop and implement the Senate Bill 1086 (SB 1086) plan to create
a meander belt and protected riparian area from Keswick Dam to the mouth of
the Feather River.

(8) Continue with the operational and structural changes at the ACID Dam.
(9) Develop and implement a program to restore and replenish spawning gravel in

the Sacramento River.

In addition to the above mentioned action items, the gates-out operation at the RBDD should be
extended from the present date of May 14 to June 30, to provide maximum protection for spring-
run adults migrating into the upper Sacramento River and tributaries above Red Bluff.

Clear Creek
Current management plans include the establishment of a population of spring-run salmon in
Clear Creek which will require implementation of the following actions:

(1) Provide flow releases from Whiskeytown Dam.
(2) Remedy channel degradation from past gravel mining.
(3) Resolve passage at McCormick-Saeltzer Dam.
(4) Develop erosion control/stream corridor protection program.
(5) Replenish spawning gravel.

Cottonwood Creek.
To continue to provide access for the few remaining spring run, which intermittently use
Cottonwood and Beegum creeks, implement the following action for Cottonwood Creek:

(1) Restore stream channel to prevent the ACID Siphon from becoming a barrier.

I~attle Cr~k
Existing restoration plans recognize the excellent habitat potential for Battle Creek to support a
sustaining population of spring-run salmon. Restoration of the full potential of Battle Creek
requires the following actions:

(1) Continue to allow adult spring-run chinook passage above Coleman weir.
(2) Acquire water from willing sellers.
(3) Construct fish screens on all PG&E diversions as needed.

In addition to these actions, adult passage at Wildcat, Eagle Canyon, and North Fork Battle
Creek Feeder dams on the North Fork of Battle Creek, and Coleman and Inskip dams on the
South Fork of Battle Creek need to be restored or improved.

AnteloDe Creek
To improve Antelope Creek’s potential to support spring-run salmon, the following action is
needed:

(1) Supplement flows with water acquired from willing sellers.

Fully restored access to Antelope Creek will also require evaluation of a more defined stream
channel within the valley reach.
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Mill Creek
Mill Creek is recognized as supporting one of the three remaining self-sustaining spring-run
salmon populations. The condition of spring-run salmon habitat within Mill Creek is generally
high quality. Actions intended to ensure the future sustainability of spring-run in Mill Creek are:

(1) Restore and maintain ripadan habitat along lower reaches.
(2) Develop a long-term solution for adult passage at Clough Dam.
(3) Develop adequate instream flows in the valley reach of Mill Creek.

Deer Creek
Deer Creek, as with Mill Creek, is recognized as supporting one of the three remaining self-
sustaining spring-run populations As with Mi~l Creek, the condition of the spring-run salmon
habitat is generally high quality. Actions intended to ensure the future sustainability of spring-run
salmon in Deer Creek are:

(1) Acquire water from willing sellers or through negotiated agreements to
supplement instream flows.

(2) Restore and preserve riparian habitat along Deer Creek.

Bi_~ Chico Creek
Management actions to restore and maintain the potential for Big Chico Creek to maintain a self-
sustaining population of spring-run chinook salmon require implementation of the following
actions:

(1) Maintain the Iron Canyon fish ladder.
(2) Repair Lindo Channel weir and fishway.
(3) Protect spring-run holding pools through easement or title.
(4) Restore and protect riparian habitats along Big Chico Creek.
(5) Screen a diversion just below Higgins Hole, the prime spring-run holding and

spawning area.

Butte Creek
Butte Creek is recognized as supporting one of the three remaining self-sustaining spring-run
salmon populations. Habitat conditions within Butte Creek are in relatively poor condition as the
result of the numerous power generation and agricultural diversions. Significant restoration
efforts, as discussed within this report, have already been implemented. To fully restore and
protect the Butte Creek spring-run population the following actions should be implemented:

(1) Maintain a minimum of 40 cfs instream flow below Centerville Diversion Dam.
(2) Purchase existing water rights from willing sellers.
(3) Install screens and a new ladder at Durham Mutual Dam.
(4-5) Remove McPherrin and McGowan dams.
(6) Adjudicate water rights and provide water master service for the entire creek.
(7-9) Install screen and ladder at Adams, GorTill and White Mallard dams.
(10) Eliminate stranding at White Mallard Duck Club ouffall.
(11) Rebuild and maintain culvert and dser at Drumheller Slough.
(12) Install screened portable pumps as an alternative to Little Dry Creek diversion.
(13) Restore and maintain dparian buffer zone along creek.

Section IX. Suggestions for Future Management
Section IX. Page 5

D--0251 33
D-025133



(14-16) Establish operational criteria for Sanborn Slough Bifurcation, East and West
channels of Sutter Bypass and Nelson Slough.

(17) Evaluate operational criteria and potential modification to Butte Slough Outfall.
(18) Evaluate alternatives or install a fish ladder at East-West Diversion Weir.
(19-21) Evaluate alternatives and operational cdteria at Sutter Bypass weirs # 1, #2, and

#5.
(22) Evaluate passage alternatives, including a fish screen, at Sanborn Slough

Bifurcation structure.
(23)    Evaluate fish passage, including fish screens, within the Sutter Bypass.
(24-27) Evaluate alternatives, including more efficient fish ladders, at Sutter Bypass weirs

#1, #2, #3, and #5.

Feather River
There are two basic management needs which should be addressed. The first and most
immediate need is to minimize and ultimately eliminate any negative effects of FRH spring run
on natural populations within the Central Valley. The planting protocol for FRH produced salmon
should be structured to minimize straying and introgression with salmon in other waters.
There is also a need to assess the potential for re-establishment of a discrete population of
spring-run salmon in the Feather River. The practical constraints of this action require that
efforts be directed at the FRH population since it is not possible to separate the races in the
river. Efforts at the FRH to manage and select fish exhibiting spring run characteristics should
be implemented. Preliminary management tools should be based on segregation of early
arriving fish. Only those fish with early egg maturity should then be spawned. Evaluation of
techniques and management options to segregate the fall- and spring-run salmon and to best
select for a spring-run phenotype should be initiated immediately, with implementation as soon
as possible.

Y~ba River
Protection of the existing remnant numbers of spring-run and development of the full potential of
existing habitat in the Yuba River can be enhanced by implementing the following actions.

(1) Supplement flows with water acquired from willing sellers.
(2) Reduce flow fluctuations.
(3) Maintain adequate instream flows for temperature control.
(4) Screen all diversions to meet current Department and NMFS criteria.
(5) Improve fish bypasses at water diversions.
(6) Improve adult and juvenile passage at Daguerre Point Dam.
(7) Maintain and improve riparian habitat.
(8) Operate reservoirs to provide adequate water temperatures.
(9) The feasibility of removal of Englebright Dam to re-introduce spring run to

their historic range should be evaluated.

Miscellaneous Tributaries to the Sacramento River
The miscellaneous small tributaries to the Sacramento River, as listed and discussed elsewhere
in this report, may be providing significant habitat for rearing juvenile spring-run salmon. Until
the value of these nonnatal rearing areas is specifically defined, all efforts should be made to
eliminate any degradation of the existing habitat. In those instances where existing restoration
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actions have been identified, such as the Action Plan or AFRP, such actions should be
implemented. One such action is replacement of the barder at GCID’s main canal crossing on
Stony Creek with a permanent siphon. GCID has been selected to supply water to the
Sacramento and Delevan National Wildlife Refuges and construction of a permanent siphon at
GCID’s main canal crossing on Stony Creek is a project feature. Eliminating the GCID barder on
Stony Creek would allow the nonnatal juvenile salmonids (including spring run) to return to the
Sacramento River as the flows the gradually temperaturesin creek subside and rise.

Be_v-Delta Estuam_
Improvements to aquatic habitat in the Delta are essential to restore the natural production of
anadromous fish in the Central Valley because habitat in the Delta is highly degraded (USFWS
1997b). The following are suggestions for future management actions in the Delta for protecting
spring-run chinook salmon:

(1) Increase delta inflows and outflows to improve in-Delta habitat quality and provide
transport flows for rearing and migrating juvenile salmon.

(2) Modify CVP and SVVP diversions to reduce the zone of influence of the pumping and
to lessen the effects of entrainment.

(3) Establish and enforce water quality and flow standards to protect native fish.
reconsider the utility of the QWEST criteria (calculated net flow for the lower San
Joaquin) for managing flow-related habitat conditions in the Delta for salmon.

(4) Take actions at CVP, SWP, and other public and private diversion facilities to
reduce salmon entrainment losses.

(5) Develop additional habitat and vegetation zones within the Delta.
(6-8) Close the DCC gates when juvenile salmon are present.
(7) Increase the total allowable days that the DCC can be closed during fall/winter

months beyond 45 days.
(8) Allow closures to begin as early as October, if necessary, to protect spring run.
(9) Reduce fish movement into Georgiana Slough.
(10) Reduce the effects of dredging.
(11 )    Reduce the effects of contaminants by reducing input from agricultural, urban, and

industrial point and non-point sources.
(12) Delta salmon survival experiments should be further evaluated and new information

developed in collaboration with the USFVVS to assess juvenile salmon mortality
levels associated with reverse flows and "indirect losses" in the central and southern
Delta.

Implementation of the 1995 Bay/Delta Water Quality Control Plan: The SWRCB
Environmental Report- Appendix 1 (ER)to the 1995 Bay-Delta Plan (SWRCB 1995) did not
analyze potential impacts on juvenile spring-run chinook salmon of implementation of the water
quality standards during the fall/winter period. However, the ER identified closure of the DCC
gates for up to 45 days in November-January to protect spring- and possibly winter-run chinook
salmon from being diverted off of the Sacramento River.

The SWRCB Draft Environmental Impact Report (DEIR) for Implementation of the 1995
Bay/Delta Water Quality Control Plan (SWRCB 1997a) does not discuss or analyze potential
effects to spring-run salmon. The SWRCB did analyze the potential impacts to spring run of
seven alternatives for approving the SWP and CVP petition for Joint Point of Diversion (SWRCB
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1997b). The SWRCB acknowledges this will result in increased exports and increased reverse
flows.from July-January and indicates increased fall and winter pumping may negatively affect
spring-run salmon because it coincides with smolt migration (Figures 56 and 57, Appendix E-6
through E-8 and E-16 through E-18).

The SWRCB has requested the Department’s wdtten finding regarding the effects on listed
species of the SWRCB’s proposed action for implementing the 1995 Bay-Delta Plan and
approving the Joint Point of Diversion petition, and the Department will include spring-run
salmon in this finding. The Department will provide comments to the SWRCB on its 1997 DEIR,
will testify at water right hearings the SWRCB holds on the subject, and will provide a CESA
biological opinion to the SWRCB.

Implementation of the CVPIA . Water Management and Delta Actions: The Central Valley
Project Improvement Act Section 3406(b)(2) dedicated 800,000 acre-feet of CVP yield for use at
the discretion of the USFWS, in cooperation with the Department, for fish and wildlife purposes.
After five years of deliberation and extensive public input, the USDOI issued a Final CVPIA
Administrative Proposal for Management of Section 3406(b)(2) Water (800,000 acre-feet)
(USDOI 1997) detailing the USDOI approach to implementing this section of the Federal law for
the next five years. It clarifies USDOI’s intent to use all available tools to minimize the impact of
implementing the AFRP, including eight Delta Actions, to CVP water users. All but one of these
actions are aimed at improving Delta conditions for fish in the spring and summer.

Seven AFRP Delta Actions targeted for March-July will, in many years, result in reductions in
CVP deliveries. The USBR will seek to offset water supply impacts by various means, most
involving increasing exports at other times through use of the SWP pumping capacity. The
yearling spring-run migrants will likely be adversely affected by some of these make-up
operations. The priorities and benefits of these actions should be evaluated in relation to the
likely adverse effects of water supply recovery actions on spring-run chinook salmon.

CALFED Bay-Delta Program: CALFED recently released a draft EIPJEIS for a Bay/Delta
program to restore the ecological health and improve water management for beneficial uses of
the Bay-Delta system. The Bay-Delta Program will address problems in four critical resource
categories: ecosystem quality, water quality, water supply reliability, and system integrity. As
structured, the Bay-Delta Program consists of common programs for ecosystem restoration,
water quality, water use efficiency, and levee system integrity which would be implemented in
conjunction with one of several alternative water conveyance and storage packages. One
element of the overall Bay-Delta Program is the Ecosystem Restoration Program (ERP). It is a
comprehensive effort to increase aquatic and terrestrial habitats and improve ecological
functions in the Bay-Delta to support sustainable populations of diverse and valuable plant and
animal species. The ERP’s approach is founded on the restoration of ecological processes
associated with streamflow, stream channels, watersheds, and flood plains that create and
maintain habitats essential to species dependent on the Delta. Additionally, the ERP aims to
reduce the effects of stressors that inhibit ecological processes, habitats, and species.

To date, the Bay-Delta Program has identified a technically superior alternative but has not
identified a preferred alternative. Thus, the effect of the Bay-Delta Program on spring-run
salmon can’t be assessed at this time. The ERP contains actions that would be generally
beneficial for salmon, including spring-run. The extent to which adverse Delta hydrodynamic
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I conditions and other deleterious factors in the Delta would be alleviated by the Bay-Delta
Program depends on which alternative is selected and implemented.

I CALFED Operations Group - "Operations Flexibility": The CALFED Operations Group
developed and implemented a "monitor-and-response-approach" for minimizing impacts to

i juvenile spring-run in the Delta during the 1996-97 and 1997-98 outmigration seasons. The
Department believes there are improvements needed to this type of approach.

The level of impact to spring-run salmon that would initiate an operational response needs to beI fully defined. The only clearly defined indicator of the need for a response is the loss of more
than 1% of any group of marked hatchery-reared late-fall run salmon at the SWP and CVP.
Other general indicators rely on positive identification of juvenile salmon as spdng run at the

I SWP and CVP. As described earlier, the existing method for run identification of juveniles using
size criteria has limitations when applied to spring run. When faced with the question about
whether a fish being lost at the SWP and CVP is a spring-run salmon, the Department believes

i the decision should be an inclusive one, rather than an exclusive one, in order to provide a
conservative estimate of the impact and the maximum protection achievable.

The nature of the operational response that would be recommended to reduce observed spring-I run impacts at the SWP and CVP in the fall or winter needs to be examined. The operations
response has only been generally defined as a change in Delta flows, DCC operations, or SWP
and CVP exports. When it is dry and the SWP and CVP are short on water stored south of the

I Delta, the option of export reductions in the fall or winter to reduce spring-run salmon losses will
be controversial, since there will be no certainty that water conditions will improve later. In four
years, the projects have taken on some water supply risks to achieve desirable fishery

i outcomes. However, the dry year circumstance has not yet arisen, but it will and eventually it will
happen =n a series of consecut=ve years.

i Monitoring Programs and Studies

O¢ean Harvest
It appears that some means of genetic stock identification (GSI) is necessary to accuratelyI evaluate the fisheries’ Sacramento River chinook salmon. Theocean impacts on spring-run
cost and logistics of tagging a sufficient number of wild fish, not to mention the sampling level
required to produce reasonably precise estimates of the ocean harvest impacts on this run,

I make such a program questionable. Although, as discussed elsewhere in this report, even
limited returns from either inland sampling or ocean harvest will provide valuable information
relative to distribution and migration timing. The Department’s OSP is responsible for sampling

I the recreational and commercial ocean salmon fisheries at all California ports where significant
numbers of salmon are lande~. The OSP typically samples at least 20% of the landings to
ensure that the CWT recovery data from California’s ocean fishedes is comparable to the CWT

i data from other Pacific Coast states and Canada that provide data to the Regional Mark
Information System. In 1997. the OSP began collecting fin-clip data in the course of its usual
port sampling for eventual DN/~ microsatellite analysis. Specifically, these data were collected
from all CWT fish that were recovered; a significant number of salmon less than 24 inches TL,I in the recreational in the Gulf of the Farallones,sampled fishery during July September 1,
where anglers were required to keep the first two salmon caught (except coho) regardless of
size; and during the late April commercial fishery south of Lopez Point.

!
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Fresh Water Life History_
There are various investigations involving spring-run salmon life-history in Central Valley
streams which should be continued, coordinated, or begun.

Adult. Existing adult population evaluations should continue and be standardized where
possible. In addition to the more intensive efforts on Mill, Deer, and Butte creeks, standardized
efforts and methodologies should be developed for the Yuba River, Battle, Antelope, and Big
Chico creeks. The potential for tagging adults identified as spring run ascending the fish ladder
at the RBDD should be evaluated, and the benefit of this information weighed against the risk of
increasing adult mortality. This information could be incorporated with spring-run spawning
surveys in the upper Sacramento River and Battle Creek. Similarly, tagging adults passing
through barriers within the Sutter Bypass, could provide valuable information relative to migration
routes, migration timing, and straying, if it were determined that the risk to the population from
tagging was sufficiently low. Limited carcass surveys should be instituted within each of the
spawning tributaries to identify presence of marked fish.

Juvenile: Investigations of emigration path and timing for juvenile spring-run chinook from Mill,
Deer, and Butte creeks should continue and be expanded where necessary. Where sufficient
numbers of juveniles are available, generally in Butte Creek, tagging and downstream
monitoring should also continue. CWT fish from each stream of origin may be recovered at
vadous sampling locations in the Sacramento River, Delta, and potentially in both the ocean and
inland adult harvest sampling. Lengths of spring-run fish trapped in Mill, Deer, and Butte creeks
at various time intervals should be used to describe a frequency distribution for spring-run
salmon. Such an analysis would serve to identify the distribution of lengths from the known
tributary spring-run salmon in the overall distribJtion of lengths from the various sampling
stations outside the tributary streams. Sampling outside of the primary tributaries should
continue to provide baseline comparative length frequency distribution information. Suggested
sites involve the ongoing programs at Red Bluff, GCID Fish Screen, Knights Landing, Sutter
Bypass, Sacramento River, and Chipps Island.

Additionally, juvenile emigration sampling should either be continued or initiated on Battle Creek,
Big ’Chico Creek, and the Yuba River. While the intensity of effort might be at a lesser level than
the three primary tributaries, the investigations should be similar in scope. Long-term funding
should be secured.

Run Discrimination: For Central Valley chinook salmon, the ability to detect, measure, and
manage impacts is confounded by the difficulty in distinguishing the runs from one another. The
pdmary method of assigning a juvenile salmon to a particular run is based on a fish’s size on a
given day of the year. Substantial deliberation about run classification of juvenile salmon
salvaged by the CVP and SWP has occurred each year. Size criteria are of limited use in
identifying spring-run chinook salmon because they spawn, incubate, and rear under the
broadest range of environmental conditions of all of the Central Valley runs (very cold water
streams at 5000+ feet elevation to lower elevation foothill streams typically with warmer water
temperatures, as described in this report’s section on habitat conditions in each spring-run
tributary). Furthermore, the size criteria also do not address the spring-run salmon with the
yearling outmigration strategy. In the fall, these fish may be incorrectly identified as either winter
run or late-fall run based solely on the size criteria.

I
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Substantial effort has been undertaken to develop a genetics-based method for the identification
of winter-run salmon. The research has found that some proportion of winter run have genetic
markers that are either absent or very uncommon in the other runs. This may one day enable
probability-based estimates of the fraction of salmon in a sample that are winter-run salmon or, if
unique markers are found, a determination that an individual fish is a winter run. Salmon
genetics research is continuing and has been expanded to include spring-run salmon. To date,

that salmon to exhibit fewer distinguishing geneticexisting research suggests spring-run appear
characteristics than in winter run. The work is still in the early stages and its potential to provide
a practical, affordable, and reliable method of run classification for Central Valley chinook
salmon is still undetermined.

Other research techniques which have the capability for discriminating between Central Valley
chinook salmon runs, such as otoliths, should also be conducted. Such information is necessary
to improve the Department’s ability to manage harvest, develop run-specific escapement
estimates, manage habitat, and regulate other factors that may be barriers to the management
and restoration of each Central Valley salmon run. The Department is presently conducting a
pilot study of Central Valley chinook salmon runs using otoliths for identifying populations and
tracking their survival based on known flow and temperature histories through the Delta and
ocean fisheries through adult escapement. This study should be continued on a full-scale basis
and should include all Central Valley spring-run chinook salmon populations.

Age Composition for Cohort Reconstruction: The determination of the age composition for
selected populations of spring-run chinook should be initiated in 1998.

Importance of Delta habitat for salmon: Decisions on water management and habitat
restoration in the Delta need to be based on a clear, well-documented understanding of how
salmon use the Delta The Delta has been described by some as only a migration corridor for
salmon, connecting riverine spawning habitat to the ocean environment (Arthur et. al. 1996).
Based on sampling just upstream from and in the Delta, it has been well documented that
juvenile salmon often enter the Delta before they are physiologically able to enter salt water,
hence they must spend time, up to several months, in the Delta before migrating to the ocean
(Snider and Titus 1996).

The relative importance of the Delta in providing essential rearing habitat for juvenile salmon
needs to be better defined, including the extent to which these fish contribute to adult salmon
populations. Category III funding has been allocated to the University of Washington, Seattle,
and DWR for evaluations of newly created or restored shallow water habitat in the Delta which
may yield some information on salmon use of the restored habitat. However, that research is not
designed to address the population level consequences of Delta rearing by salmon using
existing or restored habitat. IEP has funded the Department to begin a study of salmon growth
and survival by examining otoliths. This work needs to be expanded to fully examine habitat
availability and use to help determine the relative contribution of fish exhibiting different juvenile
life-history patterns to subsequent adult salmon populations and the variation in their habitat use
of the Delta. This would facilitate managing the Delta to accommodate the varied life-history
strategies of juvenile Central Valley chinook salmon, including spring run.
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I
Range Expansion I Population Re-introductions I

There is a need to develop a policy relative to the issue of range expansion and population
introductions for Central Valley salmon, particularly populations that are presently listed or
proposed for listing under CESA or ESA. VVithin the existing or proposed spring-run
management areas there are several issues to be addressed. Two recent evaluations have
identified suitable habitat for spring-run salmon in upper Butte Creek in a reach above the 1
apparent historic limit of travel (Holtgrieve and Holtgrieve 1995, Johnson and Kier 1998). Given
the significant reduction of available spring-run habitat as mentioned throughout this document,
there is value in developing additional habitat.

1
In those watersheds which may have historically contained a population which has been
extirpated, but which currently possess potential suitable habitat characteristics (such as Clear
Creek) there is a need for a policy regarding a donor population source. Presently, management ¯
guidance is given under the Salmon and Steelhead Stock Management Policy as presented in
the section of this report Influence of Existing Management Efforts. While the Stock
Management Policy provides general guidance, impacts to a potential donor source and issues
of genetic integrity need to be more clearly defined and uniformly applied.

Finally, the issue of physical separation of the various races is relevant to spring-run salmon,
particularly in those areas which consistently overlap with fall run. Each of the existing, and
proposed spring-run populations has a possible overlap with early spawning fall-run salmon.
The magnitude of returning hatchery produced fall run (particularly CNFH and FRH) in relation to ¯
the very small numbers of existing spring run, makes any hybridization from even minimal
numbers of straying fall run a concern. In the three remaini’~g sustaining spring-run populations
in Mill, Deer, and Butte creeks, physical separation of the two races is generally accomplished, _L
as was the case historically, due to low flows and high water temperatures in the valley reach of !each of the creeks. There are, however, in some years as was seen in Butte Creek in 1997,
large numbers of early arriving fall-run salmon overlapping the spring-run spawning area, both in
time and space. Currently, various barriers are either intentionally or coincidentalty separating ¯
spring run and fall run. In the case Of the CNFH Barrier for instance, the ladder over the barrier
is intentionally regulated to limit large numbers of fall run from ascending into spring-run habitat.
In various other tributaries, including Butte Creek, in most years barriers and flow diversions for I
agricultural purposes limit fall-run overlap with spring run. There are instances where intentional
blockage of spring run and fall run might be considered as a long-term management action,
either to protect an existing population, or to re-establish or introduce a new population.

I

I
Section IX. Suggestions for Future Management
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X. RECOVERY CONSIDERATIONS

The Department’s recovery objectives for Sacramento River spring-run chinook salmon are:
(1) the protection and enhancement of the existing natural populationsl
(2) the re-establishment of additional, viable native populations; and
(3) the restoration and protection of natal, rearing, and migratory streams within the

Sacramento River basin.

Natural populations and their essential habitat must be sufficiently abundant to ensure
Sacramento River spring-run chinook salmon’s long-term survival. In order to achieve recovery,
the remaining natural, non-introgressed populations spring run anyof and re-established natural
populations must be protected, monitored, and proven to be self-sustaining to the satisfaction of
the Department and the Commission. Recovery goals must ensure that the individual
populations, as well as the collective metapopulation, are sufficiently abundant to avoid genetic
risks of small population size. Thus, recovery goals need to address abundance levels (adult
spawning escapements), population stability criteria, population distribution, and length of time
for determining sustainability.

The petition specifically recommended population recovery objectives within each tributary. The
petition’s recommendations appear to have been based on population restoration goals
contained in the Department’s 1993 report titled Restoring Central Valley Streams: A Plan for
Action. Those restoration goals were established to satisfy the CVPIA anadromous fish
doubling goal. They were not developed as, and should not be equated to, recovery goals.

The USFWS Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes (1995a) has
recommended restoration objectives and criteria for Sacramento River spring-run chinook
salmon based on the objective of establishing self-sustaining populations which will persist
indefinitely for each species addressed Additionally, the plan’s population goals for chinook
salmon runs include extra adult production for allowing sustained limited harvests of each run.
"l-he plan states that restoration will be measured by three interacting criteria:

(1) presence of self-sustaining spawning populations in Deer and Mill creeks;
(2) total number of spawners in Deer, Mill, Antelope, Butte, Big Chico,

Beegum, South Fork Cottonwood, and Clear creeks (if the Yuba River
proves to still have a natural run of spring-run chinook, the population goal
should be raised by whatever number of spawners the stream can
support); and

(3) smolt survival rates through the Delta.

In conclusion, the plan states that "restoration goals can be achieved only if there is
simultaneous improvement of conditions in spawning and rearing streams, in the Delta for
passage of juveniles and adults, and improved management of the fishery to allow for increased
survivorship of adults during periods of low population size..."

The Department will develop recovery goals and delisting criteria based on the best scientific
information available, including consideration of the information provided in the USFWS (1995a)
Recovery Plan for the Sacramento-San Joaquin Delta Native Fishes. The Department will also

re-examine the of Sacramento River chinook, inannually status spring-run When, the
Department’s judgement, recovery goals and delisting cdteria have been met, it will make
recommendations to the Commission regarding changing its legally designated status under
CESA.

Section X. Recovery Considerations
Section X. Page 1
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:1 Xl. ALTERNATIVES TO THE PETITIONEDACTION

In the absence of listing, the Department would continue to monitor the species’ status and
I oversee implementation of habitat restoration actions where possible. Sacramento River spring-

run chinook salmon would receive an additional level of recognition compared to an unlisted
species, since it has been designated a "Monitored Species" (CCR Title 14, Section 670.6) by

I the Commission. However, it is unlikely that protection for spring-run would receive the same
level of priority if it was not listed. Without the benefits of listing, Sacramento River spring-run
populations could decline further, until their population is no longer viable. Regardless of listing

I status, without the full cooperation of other agencies and the public in preservation, restoration,
and recovery actions, spring run could still continue to decline. Eventually, extinction could
OCCUr.

I If the Commission finds that listing the Sacramento River spring-run chinook salmon is not
warranted, this fish would be deprived of protection provided through recognition and formal
consultation available to a listed species. When a species is listed as Threatened or

I Endangered, a higher degree of urgency is mandated, and its protection and recovery receives
more attention from the Department, other agencies, and the public than non-listed species.
The species would also receive protection from unauthorized take pursuant to CESA.

I In contrast to many other listed species, funding for restoration actions in the upper Sacramento
River and tributaries has been forthcoming recently, as a result of State and Federal legislation

I aimed at habitat and fisheries restoration. It is unlikely, however, that listing would increase
restoration funding specifically targeted at Sacramento River spring-run chinook salmon.

I
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I Xll. PROTECTIONS RESULTING FROM LISTING

i If listed as Threatened, the Sacramento River spring-run chinook salmon would receive special
considerations and protection under CESA and CEQA that are not generally afforded unlisted
species. If listed, spring run will be eligible for the allocation of resources by government
agencies to provide protection and recovery.

I
If listed, spring run will also receive protection from taking as provided for in CEQA and CESA.
The status of listing provides a species with recognition by lead agencies and the public, and

I significantly greater consideration is given to the Department’s recommendations resulting from
project environmental review. The CEQA review process is designed to provide for full
disclosure of potential impacts resulting from proposed development projects. When it is found

I that a proposed project may result in the loss of individuals or habitat for State-listed species,
CEQA requires a mandatory finding of significance and preparation of an EIR. For projects with
a State lead agency, the lead agency is required to formally consult with the Department to
determine the nature of impacts to the State-listed species and develop mitigation measures to
reduce eliminate suchor impacts.

I
i Section XII Protections Resulting From Listing
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APPENDIX A

I Section 2074.4 of the Fish and Game Code requires the Department of Fish and Game to notify
affected and interested parties and landowners and to solicit data and comments on petitions

I accepted by the and requirement, Department sentFish Game Commission. To fulfill this the
Public Notices (Appendix A-l) to persons and organizations listed herein (Appendix A-2). Legal
Notices were placed in the newspapers indicated below (Appendix A-3): A list of individuals,I organizations, and government agencies that responded to the Public Notice is provided herein
(Appendix A-4). Title 14, Section 670.1 CCR requires the Department solicit Peer Review of
the draft Status Report. A list of Peer Reviewers is contained in Appendix A-5.

!
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STATE O!: CALIFORNIA~THE RESOURCES AGENCY                                                                      PE~’E

DEPARTMENT OF FISH AND GAME
1416 NIgH

SA~AME~O, CA 942~2~

I October 9, 1997
PUBLIC NOTICE

I TO WHOM IT MAY CONCERN:
Pursuant to Section 2074.4 of the California Fish and Game Code (FGC), NOTICE IS

HEREBY GIVEN that on June 13, 1997 lhe California Fish and Game Commission (Commission)
I accepted a petition from the Department ofFish and Game (DFG) to amend the official State list of

endangered and threatened species (Sec. 670.2 and 670.5, Tire 14, California Code of Regulations) as
follows:

I ~.pecies Proposal
Sacramento River Spring-run Chinook Salmon Endangered
(Oncorhynchus tshawytscha)

I NOTICE IS FURTHER GIVEN that, effective June 27, 1997, the Sacramento River Spring-
run Chinook Salmon is a "’candidate species" pursuant to Sec. 2074.2, FGC, and pursuant to Sec. 2085,
FGC, may not be taken or possessed except as provided by Sec. 2081 and 2091 of the FGC, or other

I applicable statutes, or in accordance with the terms of the Special Order Relating to Incidental Take of
Sacramento River Spring-run Chinook Salmon During Candidacy Period (Special Order), adopted by
fi~e Commission on June 13, 1997. The Special Order was published in the Califorma Regulator)’ Notice

I Register, Register 97, No. 26-Z, on June 27, 1997. A copy of the Special Order is available from the
Commission, 1416 Ninth St., Sacramento, CA 95814, (916) 653-4899.

The California Endangered Species act (Sec. 2050 et seq., Chp. 1.5 FGC) requires that DFG

i notiR, affected and interested parties that the Commission has accepted the petition for the purpose of
receiving information and comments that will aid in evaluating the petition and determining whether or
not the above proposal should be adopted by the Commission. DFG will review the petition, evaluate

i the available information, and report back to the Commission whether the petitioned action is warranted
(Sec. 2074.6, FGC). DFG’s recommendation must be based on the best scientific information available
to the Department. DFG must provide its recommendation to the Commission not later than
June 26, 1998. Therefore, NOTICE IS FURTHER GIVEN persons with data or comments on theI status, ecology, biology, history, management recommendations, distribution, abundance,taxonomic life
threats, habitat that may be essential for the species, or other factors related to the status of the above
species, is hereby requested to provide such data or comments to:

I Inland Fisheries Division
California Department offish and Game
1416 Ninth Street

I Sacramento, California 95 814
Copies of the petition may be requested from the above address.
Responses received by the November 21, 1997 will by included in DFG’s final report to the

I Commission. If DFG concludes that the petitioned action is warranted, it will recommend that the
Commission adopt the above proposal. If DFG concludes that the petitioned action is not warranted, it
will recommend that the Commission not adopt the proposal. Following receipt of the DFG’s report,

I the Commission will allow a 45-day public comment period prior to taking any action on the DFG’s
recommendation

I
Timothy C!Farley, Chief~/

I Inland Fisheries Division
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BOARD OF SUPERVISORS BOARD OF SUPERVISORS BOARD OF SUPERVISORS

I CMC CENTER RM 315 1195 I"HIRD ST RM 310 950 MAIDU AVE
SAN RAFAEL CA 94903 NAPA CA ~59 NEVADA CrTY CA ~5~59

I PLACER COUNTY PLUMAS COUNTY SACRAMENTO COUNTY
BOARD OF SUPERVISORS BOARD OF SUPERVISORS BOARD OF SUPERVISORS
175 FULWEILER AVE COURTHOUSE 700 H STREET RM 2450
AUBURN CA 95603 520 VVEST MAIN ST SACRAMENTO CA 95814-1280

QUINCY CA 95971

I
SHASTA COUNTY SOLANO COUNTY SUT’r~R COUNTY
BOARD OF SUPERVISORS BOARD OF SUPERVISORS BOARD OF SUPERVISORS
1815 YUBA ST SOLANO COUNTY COURTHOUSE 1160 CMC CENTER BLVD

I REDDING CA 96001 FAIRFIELD CA 94533 YUBA CITY CA 95993

TEHAMA COUNTY YOLO COUNTY YUBA COUNTY

I BOARD OF SUPERVISORS BOARD OF SUPERVISORS BOARD OF SUPERVISORS
P.O BOX 250 625 COURT STREET 215 FIFTH STREET
RED BLUFF CA ~6080 WOODLAND CA 95695 MARYSVILLE CA 95901

I LAURENCE CRABTREE ROBERT CRANE COLLEEN CROW
LASSEN NATIONAL FOREST CRANE MILLS 32915 RAK CREEK RD
BOX 767 P,O= BOX 318 MANTON CA 96059
CHESTER CA ~6020 CORNING CA 96021

!
KEITH CRUMMER SYLVIA DAVIDSON LEON DAVIES
PROFESSIONAL FORESTRY SERVICE~ 1364 HONEY RUN RE) UC DAVIS SEA GRANT EXT, PROG

I 134 LAKE ALMANOR W~ST DR CHESTER CA CHICO CA 95928 ONE SHIELDS AVE
96020 DAVIS CA 95616

I LELAND DAVIS CHUCK DEJOURNET~ HARRY DELANTY
BATTLE CREEK WATER CONSERVANCY’ TEHAMA FLY FISHERS 3357 HARLAN DR
P.O. BOX 457 11705 PAREY AVE. ~27 REDDING CA ~6003
RED BLUFF CA 95080 RED BLUFF CA 95080

I
DOUG DEMKO ALAN DENNISTON JIM DESTASO
S,P. CRAMER & ASSOC LASSEN VOLCANIC NATIONAL PARK BUREAU OF RECLAMATION
2504 NAVARRO DR BOX 100 16349 SHASTA DAM BLVD

I CHICO CA 95926 MINERAL CA 96063 SHASTA LAKE CA 95019

GEORGE DEVILBISS KEVIN DEVINE PE3~R DOUGLAS

I 5079 SHELL STREET SHASTA LIVESTOCK AUCTION CAUFORNL~ COASTAL COMMISSION
NORTH HIGHLANDS CA 95660 COTTONWOOD CA 95022 45 FREMONT ST STE 2000

SAN FRANCISCO CA 94105

I TERRY EARLEWINE CHESTER EASTLICK JIM EDWARDS
STATE WATER CONTRACTORS PO BOX 592 13038 HWY. 99E
555 CAPITOL AVE SUITE 725 ETNA CA 95027 RED BLUFF CA 95080
SACRAMENTO CA 95814

!
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DON ERMAN STEVE EVANS BRUCE FARRIS II
CENTER FOR WATER & W~LDLAND RESOURCES FRIENDS OF THE RrVER 540 W ATHENS
U.C. DAVIS 128 J ST. 2ND FLOOR CLOVIS CA 93811
DAVIS CA 95~16 OLD SACRAMENTO CA 95814

KATHY FARSTER RON FEHRINGER STEVE FELTE i
BATTLECREEK MF.ADO~ RANCHINC. CH2M HILL P O 2409
56605 STATE HIGHWAY 16 P.O. BOX 492478 PARADISE CA 95967
WOOOLAND CA 95695 REDDING CA.001

I
SCOTt" FERRIS BARRY FORD PHIL FORD
VICE PRESIDENT COLLINS PINE COMPANY 3574 EBBY LANE I
NOR CAL GUIDES & SPORTSMEN P.O. BOX 796 ANDERSON CA 96007
BOX 492063 CHESTER CA 96020
REDOING CA 96044

JOHN FORNO JAY FRANCIS STEPHEN FRANK I
SIERRA PACIFIC, INDUSTRIES COLLINS PINE COMPANY DEER CREEK IRRIGA33ON
P.O. BOX 820 P.O. BOX 796 BOX 28
SUSANVILLE CA 96130 CHESTER CA 96020 VINA CA 96092

I
[]

DANIEL FREE GEOFF FRICKER ROD FUG[TA
U.S. FOREST SERVICE 11922 CASTLE ROCK CT~ EDF
24411 HATCHERY RD CHICO CA 95928 ROCKRIDGE MARKET HALL ¯
ANDERSON CA 96007 5655 COLLEGE AVENUE |OAKLAND CA 94618-1583

BILL GAINES JAY GARR JIM&DIANE GAUMER ¯
CALIF WATERFOWL ASSOC DUCKS UNLIMITED INC DEER CREEK WATERSHED CONSERVANCY |4630 NORTHGATE BLVD #150 1640 E. CLAY ST 580 PASEO COMPANEROS
SACTO CA 95834 COLUSA CA 95932 CHICO CA 95928

ill

LES GERTON BILL GEYER SUZANNE GIBBS I
795 CAPRICE WAY RESOURCE LANDOWNERS COALITION BIG CHICO CREEK WATERSHED ALLIANCE
CHICO CA 95926 1029 K STREET #33 1162 E. 7TH STREET

SACRAMENTO CA 95814 CHICO CA95928 I
V~ENDELL GILGERT ERIC GINNEY KIRK GIUSTI
USDA-NRCS CALIFORNIA STATE UNIVERSITY CHICO 826 E HILLCREST AVE
132B NORTH ENRIGHT BU3"TE CREEK WATERSHED PROJ YUBA CIT~" CA 95991
WILLOWS. CALIFORNIA95988 13419 LILA LN

CHICO CA 95928

JIM GOODW1N CAY GOUDE GEORGE GOUGH I
120 INDEPENDENCE CIR U.S. FISH AND WILDLIFE SERVICE CALIFORNIA CATTLEMEN’S ASSOCIATION
STE G 3310 EL CAMINO AVE 1221 H STREET
CHICO CA 95973 SACRAMENTO CA 958214340 SACRAMENTO CA 95814

DAN & RICHARD GOVER ZEKE GRADER LEE GRISOM
GOVER RANCH PCFFA OFFICE OF PLANNING AND RESEARCH
3776 GOVER RD POST OFFICE BOX 29910 1400 10TH STRE~ ¯
ANDERSON CA 96007 S. F, CA 94129-0910 SACRAMENTO CA 95814

DAN GROMER LINDA GROSS ALLEN GROVES I
4701 PEALE DRWE P.O, BOX 767 1528 HEALDSBURG AVE. 1SACR.aJ~ENTO CA 95842-2418 CHESTER CA 96020 HEALDSBURG CA 95448

M.M. HAGEN TODD HAMER BILL HAMILTON I
G.C.LD. AND NCWA AMERICORPS WATERSHED PROJECT DES
22979 TEHAMA AVENUE 9031 HWY 99E UC DAVIS
GERBER CA 96035 LOS MOLINOS CA 96055 DAVIS CA 95616

JUDD HANNA STU HANNA BLAINE HANSON
MCC CIRCLE S RANCH SUPERINTENDENT LAND AND WATER RESOURCES EXT
MILL CREEK CA 96061 STANFORD-VINA IRRIG DIST, U.C DAVIS

PO. BOX 274 DAVIS CA 95616
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CHUCK HANSON GEO HARMS ALLEN HARTHORN
P~.NSON F_~rV3RONMEN~L tNC P.O. ~OX 132 BUTTE CREEK WATERSHED CONSERVANCY
132 COTTAGE LANE VINA CA ~092 POST OFFICE BOX 1611
WALNUT CREEK CA ~4595 CHICO CA ~927-1611

W~NDY HEATON DON HEFFREN DENNIS HEIMAN
BAI"~LE CREEK MEADOWS RANCH W~STERN CANAUGORRILL C.V. REGIONAL WATER
~9 SANTA YNEZ WAY P.O. BOX 427 QLIALFrY CONTROL BOARD
~ACRA~ENTO CA 95~16 DURHAM CA 95938 415 KNOLCREST DR.

REDDING CA ~002

tEN HEIST LES HERINGER RO~,ERT HERKERT
1835 HWY. 20 SAC. VALLEY LANDOWNERS ASSOC CALIFORNIA RICE INDUSTRY
COLUSA CA 95932 3964 CHICO RIVER RD. 2538 THIRD STREET

CHICO CA 95928 COLUSA CALIFORNIA 95932

RALPH HINTON STEV~ HIRSCH OUIN HOGAN
DEPARTMENT OF WATER RESOURCES METROPOLITAN WATER DISTRICT 1621 RIVER RD~
2440 MAIN ST. OF SO. CALIF~ CHICO CA 95928
RED BLUFF CA 96080 1121 L ST. SUITE 900

SACRAMENTO CA 95814

ELISE HOLLAND RICH HOLMAN DON HOLTGRIEVE
THE BAY INSTITLFR~ CALIFORNL~ STATE UNWERSITY CHICO DEPT. GEOGRAPHY & PLANNING
625 GRAND AVE. SUITE 250 22~9 BAR TRIANGLE ST CALIFORNIA STATE UNWERSII~ CHICO
SAN RAFAEL CA ~4901 CHICO CA 95928 CHICO CA 9592i~0425

JEANNE&BILL HUBBARD MARY HUGGINS LINDA HUGHES
2025 A SPRUCE 3861 MARY ANN LANE NRCS
CHICO CA 95926 LAKE ALMANOR CA ~6137 2 SU3-r~R ST. #D

RED BLUFF CA ~6080

PETER HUJIK MICHAEL JACKSON DIANA JACOBS
TNC-DYE CREEK RANCH QUINCY LIBRARY GROUP STATE LANDS COMMISSION
11010 FOOTHILL RD POST OFFICE BOX 2O7 100 HOWE AVE SUITE 100 SOUTH
LOS MOLINOS CA 9605=~ QUINCY CA 95971 SACRAMENTO CA 95825

JEFF JARACZESK~ BILL JENNINGS DICK JOHNSON
NORTHERN CALIF. WATER ASSOC DELTAKEEPER CSPA BUREAU OF LAND MANAGEMENT
455 CAPITOL MALL SUITE 335 SACRAMENTO CA 3536 RAINIER 355 HEMSTAD DR
95814 STOCKTON CA 95204 REDDING CA ~6002

MARY KAEMS KAYLENE KELLER JULIA KELLEY
BUTTE CREEK WATERSHED CONSERVANCY PUBLIC SERVICE RESEARCH PROGRAM PRESIDENT
1512 13TH ST #2 UC DAVIS DEER CREEK WATERSHED
SACRAMENTO CA 95814 DAVIS CA 95615 P.O. BOX 307

VINA CA 96092

I JULIE KELLY PATRICK KELLY RICHARD KELLY
SIERRA PACIFIC IND 900 E 19TH ST EXEC SEC, SHARE
POST OFFICE BOX 495014 CHICO CA 95928 1357A HARTNELL AVENUE
REDDING. CALIFORNIA 96069 REDDING CA ~6002

I
DAV1D KENNEDY GARY KERHOULAS BILL KIER
DIRECTOR BUTTE SINK WATERFOWL ASSOC KIER ASSOCIATES
DEPARI~ENT OF WATER RESOURCES 14561 "C~ N. BUTTE RD 207 SECOND ST. STE B

I PO BOX 942836 LIVE OAK CA 95953 SAUSALITO CA 94965
SACRAMENTO CA ~4236-0001

MARIANNE KIRKLAND MARTY KJELSON DAVID KLASSONI 745 F ST. APT. 9 UoS. FISH AND WILDLIFE SERVICE 1644 MAGNOLIA AVE.
DAVIS CA 95616 4001 N WILSON WAY REDDING CA 96001

STOCKTON CA 95205

I LOUIE KLEIN STEWART KNOX CYNTHIA KOEHLER
P.O. BOX 845 DEER CR WATERSHED CONSERVANCY NATURAL HERITAGE INS13TUTE
RED BLUFF CA~60B0 P.Q BOX 116 114 SANSOME STE 1200

I VINA CA ~6092                                                                           SAN FRANCISCO CA ~4104
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MICHAEL KOSSOW DALE LACKEY JUDITH LAROCCA
FPWl MCA 819 MAIN STREET 13505 HELLTOWN RD.
P.O. BOX 226 FORTUNA CA 95540 CHICO CA 95928
TAYLORSV1LLE CA 95983

ERIC LARSEN DOUG LATIMER BILL LAWHORN
DEPT. OF CML & ENVIRON ENG MILL CREEK CONSERVANCY BUREAU OF LAND MANAGEMENT
U.C, DAVIS 817 VETERANS BLVD, #213 355 HEMSTED
DAV1S CA 95618 REDWOOD CITY CA 94063 REDDING CA 96002

JIM LECKY ROY LE|DY CHRIS LEININGER
NATIONAL MARINE FISHERIES SERVICE EIP ASSOCIATES DEER CK, WATERSHED CONSERVANCY
501 W~ST OCEAN BLVD 1200 2rid ST STE200 P.O. BOX 307
SUITE 4200 SACRAMENTO CA 95514 VINA CA 96092
LONG BEACH CA 90802-4213

MARTHA LENNIHAN KEN LENTZ RUSSELL LESKO
LAW OFFICE US BUREAU OF RECLaO~IATION LASSEN PARK
455 CAPITOL MALL SUIT£ 300 2800 COl"rAGE WAY P.O BOX 100
SACRAMENTO CA 95814 SACRAMENTO CA 95825 MINERAL CA96020

STACY LI BILL LIEBHARDT DAV~ LINDSTROM
AQUATIC SYSTEMS RESEARCH SAREP 5925 QUAIL HAVEN LANE
P.O. BOX 251 UC DAVIS MANTON CA 96059
LOOMIS CA 95650 DAVIS CA 95616

JIM LOWDEN JOHN LOWRIE WILSON LYTHGOE
LOS MOLINOS MUTUAL WATER CO USDA, NRCS 5307 SHEPARD AVENUE
P.O. BOX 211 2121-C SECOND ST STE 102 SACRAMENTO CA 95819
LOS MOLINOS CA 96055 DAVIS CA 95616

YVONNE MABEE DORENE MACCOY PHIL MACKEY
TOV~R PARK MARINA US GEOLOGICAL SURVEY MT LASSEN TROUT HATCHERY
14900 W HWY. 12 WATER RESOURCES DIVISION 28125 HVVY 36E
LODI CA 95242 2800 COTTAGE WAY RM W2233 SACRAMENTO RED BLUFF CA 96080

CA 95825

MARY MADISON JERRY MAPES PAUL MASLIN
INFO CENTER FOR THE ENVIRON PO BOX 476 BIOLOGY DEPARTMENT
UC DAVIS MT SHASTA CA 96067 CALIFORNIA STATE UNIVERSITY CHICO
DAVIS CA 95616 1627 ARBUTUS

CHICO CA 95926

ROGER MASUDA ROGER MATHEWS HARRY MAYBIN
TURLOCK IRRIGATION DISTRICT CHICO CR, WATERSHED CONSERVANCY CHILDS MEADOWS RESORT
517 E. OLIVE ST P O. BOX 4342 PO BOX 7267
TURLOCK CA 95380 CHICO CA 95927 CHICO CA 95927-7267

MIKE MCCOY JULIE MCDONALD BARBARA MCDONNELL
DEPT. ENV. SCIENCES SIERRA CLUB LEGAL DEFENSE FUND BAY-DELTA OVERSIGHT COUNCIL
UC DAVIS 180 MONTGOMERY ST. #1400 SAN FRANCISCO 1416 9TH ST.
DAVIS CA 95~16 CA 94104 SACRAMENTO CA 95825

MELANIE MCFARLAND DOUGLAS MCGEOGHEGAN MIKE MCGINNIS
LASSEN NATIONAL FOREST CIO GUNNERSFIELD ENTERPRISES INC U.C SANTA BARBRA MARINE SCIENCE
55 SOUTH SACRAMENTO ST POST OFFICE BOX 626 INSTITUTE

MAXWELL CA 95955 BUILDING 445 OCPC
SANTA BARBARA CA 93106

PAI"r’Y MCKELVEY WILLIAM MCKINNEY KELLY MEAGHER
7533 BRUNO WAY 12234 RIVER RD, 1781 HONEY RUN
SACRAMENTO CA 95828 CHICO CA 95973 CHICO CA 95928

GER.,~LD MERAL DEBRA MERLISS JOHN MERZ
EXECUTIVE DIRECTOR BUI"f’E CREEK WATERSHED CONSERVANCY SACRAMENTO RIVER
PLANNING AND CONSERVATION LEAGUE 11791 RIDGE RIM ROAD PRESERVATION TRUST
909 12TH ST SUITE 203 CHICO CA 95928 P,O. BOX 5366
SACRAMENTO CA 95814 CHICO CA 95927
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ROGER MEYER BOB MILEY KIRK MILLS
~455 WHITE OAK DR. VICE PRESIDEN~ 7149 L~VAL CT,
CO~rTONWOOD CA g~022 TEHAMA FLY FISHERS CARMICHAEL CA ~

755 LAKESIDE DRIVE
RED BLUFF CA ~6080

STEVE MITCHELSON CHRIS MOBLEY HARI MODI
LASSEN VOLCANIC NATL. PARK NATIONAL MARINE FISHERIES SERVICE NCPA
BOX 100 777 SOND~A AVe. RM 325 180 ClRBy WAY
MINERAL CA ~063 SANTA ROS~ CA 95404 ROSEVILLE CA 95678

I DICK MOSS PETER MOYLE DONALD MURPHY
FRtANT WATER USERS AUTHORITY DEPT. W~LDLIFE FISH & CONSERVATION DEPARI~ENT OF PARKS AND RECREATION
B54 N HARVARD BIOLOGY PO BOX 042836
UNDSAY CA 93247 U.C, DAVIS ~I~CRAMENTO CA ~42~6-001

I DAVIS CA 95616

SCOTi" MURPHY CASS MUTTERS LUISA NAVEJAS
IZAAK WALTON LEAGUE UC COOPERATIVE EXTENSION FOUR WINDS OF INDIAN EDUCATION

I P.O. BOX 3051 2279 B DEL ORO AVe, P.O. BOX 4130
CHICO CA 95927 OROV~LLE CA 95S65 CHICO CA 95927

I DALE NELSON LARRY NELSON ~ NELSON
DURHAM MUTUAL WATER CO LOS MOLINOS MUTUAL WATER CO SIERRA PACIFIC IND
P.O BOX 612 P,O BOX 211 P.O. BOX 496014
DURHAM CA 95938 LOS MOLINOS CA 96055 REDDING CA 9604~014

I
ANTHONY NICOSIA JENNIFER NIELSEN JESSE NOELL
P.O BOX 4976 HOPKINS MARINE STATION EPIC
CHICO CA 95927-4976 DEPT. OF BIOLOGY POST OFFICE BOX 397I STANFORD UNIVERSITY GARBERVILLE CA 95542

PACIFIC GROVE CA 93950

DICK O’SULLIVAN PAUL OLIN MICHAEL OLIVER

I RT 3 BOX 9*- MARINE ADVISOR BUTFE CREEK WATERSHED CONSERVANCY
PAYNES CRI~ EK CA 96075 UC COOPERATIVE EXTENSION 13835 CENTERVILLE RD

2604 VENTURA AVE RM 100P CHICO CA 95928
SANTA ROSA CA 95403

I JOHN OMAH~ BOB ORANGE GT. ORLOB
RITUAL ELDE F; PO BOX 498 DEPT~ CIVIL & ENVIRONMENTAL ENGINEERING
HUMANFTY RISINC CHESTER CA 96020 U.C DAVIS
P.O. BOX 528 DAVIS CA 95616

I CHICO CA 95927-052~

JEAN OSCAMOU ISAAC OSHIMA TIMOTHY OSMER
PG&E PUBLIC SERVICE RESEARCH PROGRAM SALMONID RESTORATION FEDERATIONI 15449 HUMBUG RD U,C DAVIS P.O. BOX 340
MAGALIA CA 95954 DAVIS CA 95616 CAZADERO CA 95421

I JOHN OST STEVE OT~’EMOELLER PJ OTt’ESEN
CHICO AREA FLY FISHERS WESI~ANDS WATER DISTRICT 1054 W ELMWOOD AVENUE
1255 E, LINDO AVE P,O BOX 6056 STOCKTON CA 95204
CHICO CA 95926 FRESNO CA 93703

I
TONI OURADNIK CANDACE OWENS ALBERTO PALLERONI
WATERSHED STEWARDS PROJECT 13815 TRINITY AVE ANIMAL COMMUNICATION LAB
INSTITUTE FOR FISHERIES RESOURCE~ RED BLUFF CA ~6080 U.C, DAVISI P.O. BOX 29196 DAVIS CA 95616
SAN FRANCISCO CA 94129

ERNST PASCHKE JASON PELTIER DENNIS PENDLETON
NRCS-USDA CVPWA PUBLIC SERVICE RESEARCH PROGRAM
1511-B BUTTE HOUSE RD. 1521 I ST. U.C DAVIS
YUBA CiTY CA 95993 SACRAMENTO CA 95814 DAVIS CA 95616

ROSEMARY~ PIERCE JOHN PITTER RICK PONCtANO
SCRCD DEER CREEK IRRIGATION DISTRICT RANCHO ESQUON
1511oB BUTTE HOUSE RD PO BOX 322 1609 ADAMS RANCH RD

I YUBA CITY CA 95993                                                       VINA DA 96092                                                                 DURHAM CA 95938
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BOB POT’t’~R ROB PO’I’~..R HANK PRITCHARD
CHIEF DEPUTY DIRECTOR PG&E BA’TI"LE CREEK WATERSHED CONSERVANCY
DEPARTMENT OF WATER RESOURCES 15449 HUMBUG RD 34624 FORWARD MILL ROAD
1416 NINTH ST. MAGALtA CA 95954 MANTON CA 96059
SACRAMENTO CA 95814

PATRICIA PUTERBAUGH MA’t’I" OUINN MARY RAMSEY
COHASSETWATERSHEDS BLrI"TE CREEK WATERSHED PROJECT P.Q BOX 216
1540 VILAS RD. 630 STADIUM WAY VINA CA 96092
CHICO CA 95928 CHICO CA 95926

JUDITH REDMOND MARC REISNER BILL RICE
CAFF 154 PINE STREET 1107 TULARE DRIVE
P.O. BOX 363 SAN ANSELMO CA ~4960 COSTA MESA CA 92626
DAVIS CA 95617

BILL RICHARDSON ERIC RFrTER IVA ROGERS
UC COOPERATIVE EXTENSION BI..M 2045 10TH STREET
P.O, BOX 370 355 HF..MSTED DR. REDDING CA 96001
RED BLUFF CA 96080 REDDING CA 96002

SALLY ROGERS HELEN ROLAND WALLY RONEY
SOUTH POWER HOUSE RD CALIF. RESEARCH BUREAU RT. 4 BOX 507A
MANTON CA 96059 P.O, BOX 942837 CHICO CA 95926

SACRAMENTO CA 94237-0001

JONATHAN ROSENFELD RAY ROSS KEN ROWLEY
SIERRA CLUB LEGAL DEFENSE FUND 6750 DREAM VALLEY RD 625 SACRAMENTO AVE
180 MONTGOMERY ST #1400 SAN FRANCISCO RED BLUFF CA 96080 RED BLUFF CA 96080

KELI RUTAN-JORGENSEN GEOFF SCHLADOW PHIL SCHOEFER
RURAL WATER IMPACT NETWORK DEPT OF CIVIL & ENVIR ENGINEERING WSRCD
1755 LEHIGH DR. U C. DAVIS 3949 ORO ST
DAVIS CA 95616 DAVIS CA 95616 REDDING CA 96001

CHUCK SCHUL’TZ TERRY SHORT CHERYL SILVA
AREA MANAGER USGS MS,4 12561 W1LDER RD
REDDING R A 70345 MIDDLEFIELD RD P O BOX 790
355 HEMSTED MENLO PARK CA 94025 RED BLUFF CA 96080
REDDING CA 96002

PAUL SIRI JOHN SKRABO TRYGVE SLETTELAND
ASSISTANT DIR. , BODEGA MARINE LAB PO BOX 493758 PACIFIC RIVERS COUNCIL
PO BOX 247 REDDING CA 96049 PO BOX 10798
BODEGA BAY CA 94923 EUGENE OR 97440

JESS SMITH JIM SMITH JUDY SMITH
SIMMONS RANCH US FISH AND W1LDLIFE SERVICE TURTLE BAY PARK AND MUSEUM
PO, BOX 4373 POST OFFICE BOX 667 800 AUDITORIUM DR
CHICO CA 95927 RED BLUFF CA g6080 REDDING CA 96001

GARY SNYDER JEFF SOUZA MIKE SPENCER ~
18442 MACNAB CYPRESS RD WESTERN SHASTA RC.Dr PO BOX 96
NEVADA cr1"Y CA 95959 3179 BECHELLI LN STE 107 IGO CA 96047

REDDING CA g6002

!
JOHN STANLEY CAROLYN STEFFAN CURTIS STEITZ
THE HABITAT RESTORATION GROUP LOS MOLINOS SCHOOL DISTRICT PG&E
P.O. BOX 4006 P.O. BOX 609 3400 CROW CANYON RD I
FELTON CA 95018 LOS MOUNDS CA 96055 SAN RAMON CA 945~3 I
GARY STERN MICHELLE STEVENS FRANK STEWART m=
NATIONAL MARINE FISHERIES SERVICE 823 OESTE DRIVE COLLINS PINE COMPANY I777 SONORA AVE, RM 325 DAVIS CA 95~16 P.O. BOX 796
SANTA ROSA, CA 95404 CHESTER CA 96020

!
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USA STRONG-AUFHAUSER PHILIP SUNSERI SUE SU’I’rON
~30 DOGWOOD WAY 753 E, gTH ST. F/~MILY WATER ALUANGE
BOULDER CREEK CA 95006 CHICO CA 95928 P.O. BOX 565

MAXWF.t.L CA 95955

CLAUS SUV~RKROPP GAYLAND TAYLOR KELLY TENNIS
LARRY WALKER ASSOCIATES DEPARTMENT OF FISH AND GAME CA FARM WATER COALrTION
509 4TH ST. 683 BILLE ROAD 717 K ST. STE. 505
DAVIS CA 95616 PARADISE CA 959~9 SACRAMENTO CA 95814

TERRY TERHAAR ROB THAYER RICHARD THIERIOT
PACIFIC RNERS COUNCIL 2329 GOLDEERRY LANE 44 MONTGOMERY STR~_ET SUITE 2030
926 J ST.~12 DAVIS CA 95616 SAN FRANCISCO CA 94104
SACRAMENTO CA 95814

GREG THOMAS ROGER THOMAS W~LL I~AVIS
NATURAL HERITAGE INSTITUTE GOLDEN GATE FISHERMAN’S ASSOCIATION SAN FRANCISCO BAY CONSERVATION
114 SANSOME ST. #1200 POST OFFICE BOX 40 AND DEVF, LOPMENT COMMISSION
SAN FRANCISCO CA 94104 SAUSALITO CA 94966 50 VAN NESS AVE STE 2011

S. F.. CA 94102~0e0

JERRY TROYAN CHRIS UNKEL JESS|CA UTTS
SACRAMENTO REGIONAL WASTEWATER THE NATURE CONSERVANCY UN~/~RSITY OUTREACH
TREATMENT PLANT 1330 21ST ST. SUFI~ 103 252 MRAK HALL
8521 LAGUNA STATION RD SACRAMENTO CA 95814 DAVIS CA 95616
ELK GROVE CA g5758

DARIN V1CKNAIR DAVE VOGEL REN WAKEFIELD
13362 CENTERVILLE RD NATURAL RESOURCE SCIENTIST INC BUTT~ CK. WATERSHED ADVISORY COMMrTT~E
CHICO CA 95928 21600 WILCOX ROAD 20 LAKEWOOD WAY

RED BLUFF CA 96080 CHICO CA 95926

ROBERTA WALKER-FOREST ZACHARY WALTON STAN WANGBERG
P.O BOX 63 POST OFFICE BOX 1028 W~STERN CANAL WATER DISTRICt"
FOREST R~NCH CA 95942 R~/ERSIDE CA 92502 RICHVALE CA

LINDA WF_AVER STEVEN W~INBAUM RICHARD VV~LDON
LOS MOLINOS SCHOOL DISTRICT POMOLOGY DEPT 16154 CONDOR CIRCLE
3281 OFF TACKLE WAY U C DAVIS WEED CA 96094
CO~-~ONWOOD CA 95022 DAVIS CA 95616

RE~NA V~YRAUCH JUDY WHEATLEY ERNEST W~ITE
DISTRICT CONSERVATIONIST WATER EDUCATION FOUNDATION TEHAMA CO RCD
SOIL CONSERVATION DISTRICT 717 K ST. STE 517 21592 GALLAGHER AVE,
P.O BOX 677 SACRAMENTO CA 95814 CORNING CA 96021-9754
GREENVILLE CA 95947

MARY WHITE WAYNE V~IITE R.J~ Wt~’fLOCK
TCRCD US FISH AND W~LDLIFE SERVICE P.O. BOX 424
21592 GALLAGHER 3310 EL CAMINO AVE MANTON CA 96059
CORNING CA 95021-97,r>4 SACRAMENTO CA 95821~340

ART WILCOX GREG V~LKINSON CHARLES W~LLARD
2547 DANUBE DRIVE STATE WATER CONTRACTORS 23320 HOGSBACK ROAD
SACRAMENTO CA 95821 POST OFFICE BOX 1028 RED BLUFF CA 96080

R~ERSIDE CA 92502

WILLARD W1LLIA~ JOHN W1LLIAMS RON ~LLIA~S
320 FANKIE ST. FISHERIES CONSULTANT 1964 COLUSA ST
RED BLUFF CA 96080 875 LINDEN LANE CORNING CA 96021

DAVIS CA 95616

RON W1LSON DARRELL WOOD ROBERT WOODS
632 CARSON DEER CREEK WATERSHED CONSERVANCY U.S.F.S.-INTERPRETER
MODESTO CA 95357 P.O. BOX 1167 P.O. BOX 746

SUSAN~qLLE CA ~6130 FOREST RANCH CA 95942

D--0251 84
D-025184



LLOYD YOUNG OLEN ZIRKLEMICHAELYOST
P.O. BOX 225 LAKE SHASTINA ROD & BOAT CLUB THE NATURE CONSERVANCY
TAYLORSVILLE CA 95983 17339 SNEAD DRIVE 1330 21ST STREET SUrTE 103
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NEWSPAPERS WHICH PUBLISHED
THE SACRAMENTO RIVER SPRING-RUN CHINOOK SALMON LEGAL NOTICE

Publication Dates Published

The Sacramento Bee - published October 16 through 17, 1997.

The Stockton Record - published October 16 through 17, 1997.

The Sun (San Bemadino) - published October 16 through 17, 1997.

The San Diego Union - published October 16 through 17, 1997.

The Fresno Bee - published October 16 through 17, 1997.

The Oakland Tribune - published October 18 through 19, 1997.

Daily News Los Angeles - published October 17 through 18, 1997.
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LIST OF INDIVIDUALS AND AGENCIES THAT RESPONDED TO PUBLIC NOTICE

Document 1: Edwards, W. James. Letter regarding comments to aid in evaluating the
petition to list the Sacramento Spring-run chinook salmon as endangered
and its status as a distinct species or subspecies. Dated October 20,
1997. To California Department of Fish and Game, Inland Fisheries
Division.

Document 2: Cheesman, Gall and Doug. Letter regarding need to protect spring-run
chinook salmon. Dated October 21, 1997. To Jacqeline Schafer, Director,
California Department of Fish and Game.

Document 3: Baumann, Richard. Letter providing information and comments regarding
the proposed listing of Sacramento spring-run chinook salmon.
Representing Lower Clear Creek Coordinated Resource Management and
Planning Group. Dated November 18, 1997. To California Department of
Fish and Game, Inland Fisheries Division.

Document 4: State Water Contractors. Report titled Comments of the State Water
Contractors regarding the listing of spring-run chinook salmon as an
endangered species. Dated November 20, 1997. To Robert R. Treanor,
Executive Director, California Fish and Game Commission.

Document 5: Northern California Water Association. Letter providing information that
may help the Department determine whether the spring-run chinook
salmon should be listed as threatened or endangered pursuant to the
California Endangered Species act. Dated November 18, 1997. To
Timothy Farley, Chief, Inland Fisheries Division. California Department of
Fish and Game.

Document 6: Cole, Roger W. Letter providing comments regarding spring-run chinook
salmon and habitat requirements. Representing Streaminders-A Chapter
of the Izaak Walton League. Dated November 21, 1997. To Deborah
McKee, Inland Fisheries Division, California Department of Fish and
Game.

Document 7: Crothers, Cathy. Memorandum from Department of Water Resources
replying to Public Notice requesting data and comments on the
Sacramento River spring-ru~= chinook salmon. Dated November 21, 1997.
To Tim Farley, Inland Fisheries Division, California Department of Fish
and Game.
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APPENDIX A-5

LIST OF PEER REVIEWERS

I Name Title/Organization
David G. Hankin, Ph.D. Chairman and Professor, Department of Fisheries

i Humboldt State University, Amata, California

Fred M. Utter, Ph.D. Affiliate Professor, School of FisheriesI University of Washington, Seattle, Washington
Co-editor, Transactions of the American Fisheries Society

I Michael C. Healey, Ph.D. Professor, Earth and Ocean Sciences (Oceanography) / Institute for Resources and
Environment (Westwater Research Unit) / Fishery Centre
The University of British Columbia, Vancouver, B.C. Canada

!
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APPENDIX B

Histo~ of Spring-run Chinook Salmon Population Estimation Methods by Drainage

SACRAMENTO RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1940        11,000      Incomplete counts made at Anderson Cottonwood Irrigation District Dam at Redding by U. S. Bureau of Reclamation in
1940-41, and bY the.. U. S. Fish and Wildlife Service in 1942, Fry (1961).                 , ....

1941 15,000 Incomplete counts made at Anderson Cottonwood Irrigation Distdct Dam at Redding by U. S. Bureau of Reclamation in
1940-41, and by the U. S. Fish and Wildlife Service in 1942, Fry (196,1~).

1942 3,000 Incomplete counts made at Anderson Cottonwood Irrigation District Dam at Redding by U. S Bureau of Reclamation in
1940-41, and by the U. S. Fish and Wildlife Service in 1942, Fry (1961).

1943 6,000 Count by U. S. Fish and Wildlife Service at Keswick Dam, Fry (19611.

1944 12,000 Incomplete counts at Balls Ferry counting rack by the US. Fish and Wildlife service, includes fish transferred from Balls
Ferry to Coleman Hatchery (10,000 adults); Count by U. S. Fish and Wildlife Service at Keswick Dam (2,000 adults), Fry

1945 4,000 Incomplete counts at Balls Ferry counting rack by the US. Fish and Wildlife service, includes fish transferred from Balls
Ferry to Coleman Hatchery (3,000 adults); Count by U. S. Fish and wildlife Service at Keswick Dam (1,000 adults), Fry
{1961).                      . ......

1946 27,000 Count by U. S. Fish and Wildlife Service at Keswick Dam (1,000 adults); Estimate by U. S. Fish and Wildlife Service based
on spawning area surveys and/or aerial redd counts, Fry (19617.

1947 25,000 Eslimate bY u. s. Fish and Wildlife Service based on spa.w, ning area surveys and/or aerial redd counts, Fry (1961).

1948 9,000 Estimale by U. S Fish and Wildlife Service based on spawnin9 area surveys andlor aerial redd counts, Fry (1961).

1949 7,000 Estimate by U. S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1950 18,000 Estimate by U. S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
,,, Parkhurst (1958), Fn/(1961).
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SACRAMENTO RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1951 5,000 Estimate by U. S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts,
and Parkhurst (1958), Fry (1961).

1952         7,000       Estimate by U. S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).                 ...

1953 8.000 Estimate by U. S. Fish and Wffdfffe Service based nn spawning area surveys and/or aerial redd counts, Azevedo and
..... Parkhurst (1958), Fry (1961).

1954 9,000 Estimate by U. S. Fish and Wildlife Service based on spawning area surveys andlor aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).....

1955        17,000      Estimate by U. S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).                               ...L                                             03

1956        7,000      Estimate by U. S. Fish and Wildlife Service based on spawning area surveys andlor aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).              ,..

1957- No estimate Population estimates were made pdmadly for fall-run fish due to the overlap in spawning period, it was felt that there was nb
1968 basis for a separate count of spdng run.

1969 20,000 Estimate is based upon periodic sampling at the US. Fish Wildlife Service’s fish trapping facility at the Red Bluff Diversion
Dam dudng the spring of 1969, Menchen (1970). . /

1970        3,652      Estimate is based upon counts through the flshway at Red Bluff Diversion Dam. Salmon were assigned to a padlcular run                  i~1
dependent upon the time of year they passed the dam, plus external appearance, and examination of the gonads of a
subsample of the fish passing through the ladder. Spring run were observed passing the Dam from Apd119, through July
18, 1970, Menchen (1972) ............

1971 5,830 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to ¯ particular run
dependent upon the time of year they passed the dam, plus external appearance, and examination of the gonads of a
subsample of the fish passing through the ladder. Spring run were observed passing the Dam from March 21, through
August 21~ 1970, Taylor (1973).. ....

1972 7,346 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
SDrin(:l run were observed oassin~l the Dam from March 26, throu~lh September 9. 1972,.Taylor (1974a).
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SACRAMENTO RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1973 7,762 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder.
Spring run were observed passing the Dam from April 1, through September 22, 1973, Taylor 41974b).

1974 3,800 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spdng run were observed passing the Dam from April 14, to September 8, 1974~ Taylor 41976).

1975 10,705 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned.to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spdng run were observed passing the Dam from April 6, through September 27~ 1975, Hoopeugh (1978).

1976 25,983 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run ~,
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spring run were observed passing the Dam from April 4, through October 10, 1976~ Hoopaugh 41978).                                  03

1977        13,730      Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run                  ~’-
dependent upon the time of year they passed the dam, plus extema~ appearance of the fish passing through the ladder.                    ~
Spring run were observed passing the Dam from March 20, through August 27, 1977. This total includes 1,908 fish that
were trapped at Keswick and Red Bluff Diversion dams and transpeded to other streams, Hoopaugh and Knutson (1979).                   ~1

1978        5,903      Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run                  ~
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder.                     I
Spdng run were observed passing the Dam from March 19, through October 7, 1978, Knutson 419801                                    ~1

1979 2,900 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder.
Spdng run were observed passing the Dam from March 18, through October 6, 1979, Reavis (1981al.

1980 9,969 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spdng run were observed passing the Dam from March 30, through October 4, 1980, Reavis 41981b).

1981 21,025 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
SI}rin~ run were observed I~assin~ the Dam from April 12, throu.qh October 10, 1981, Reavis (19837.
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SACRAMENTO RIVER

YEAR RUN METHODOLOGWREFERENCE
SIZE

1982 23,438 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spring run were observed passing,,the Dam from April 4, throu~jh October 9, 1982, Reavis (1986a). ,,

1983 5.647 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder. An
e~tim~ted 3.854 spring run were observed passing the Dam from Apd110, through October 8, 1983. In addition, two aerial
.~urvPys on August 25, and September 19, showed an estimated 1,793 spring run spawning in the main stem Sacramento
River between Red Bluff Diversion Dam and Princeton Fern/, R,e.,a.vis (1986b).

1984 8,147 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder.
Spfin~l run were observed passing.!he Dam from April 1, throu~]h,.,,September 22, 1984, Kano, et al. (1996).

1985        13,460     Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run                   03
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder. An                  ~,-
estimated 10,747 spring run were observed passing the Dam from Apdl 7, through October 12, 1985. In addition, an aerial
surveys on September 16, showed an estimated 2,713 spring run spawning in the main stem Sacramento River
downstream of Red Bluff Diversion Dam Kano and Reavis (1.996).

1986 22,753 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder. An
estimated 16,691 spdng run were observed passing the Dam from March 23, through September 27, 1986. In eddition, an
aedal survey on October 8, showed an estimated 6,062 spring run spawning in the main stem Sacramento River between                   i~1
Red Bluff Diversion Dam and Woodson Bddge, Kano and Reavis (1997a).

1987 12,844 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the I~fi:ler. An
estimated 11,205 spdng run were observed passing the Dam from Apd112, through October 3, 1987. In addition, an aedal
survey on October 5, showed an estimated 1,639 spdng run spawning in the main stem Sacramento River between Red
Bluff Diversion Dam and Woodson Bddge, Kano and Reav!s (1997b).

1988 9,781 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus extemal appearance of the fish passing through the ladder from
Feb. 14 throu.qh Dec 3. An estimated 11,205 sprin~l run were observed passing,the,.D.am, Kano and,Reavis (!997a).
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SACRAMENTO RIVER

YEAR RUN METHODOLOGYIREFERENCE
SI~:

1989 5,255 Estimate is based upon counts through the flshway at Red Bluff Diversion Dam. Salmon were assigned to a particular mn
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
Apr.16 through Nov. 25.

1990 3,922 Estimate is based upon counts through the flshway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
Apr. 8 through Dec. 1.

1991 773 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May’ 5 through Nov. 30.

1992 431 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
Apr. 3 through Oct. 31

1993 388 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run ~’-
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May’ 7 through Oct. 16.

1994 740 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May’ 21 through Sep. 17.

1995          395       Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run                  i~1
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May 14 through Sep. 16.

1996 292 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a padicular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May 12 though Sep. 14.

1997 189 Estimate is based upon counts through the fishway at Red Bluff Diversion Dam. Salmon were assigned to a particular run
dependent upon the time of year they passed the dam, plus external appearance of the fish passing through the ladder from
May 11 through Sep. 13

Appendix B - Page 6



CLEAR CREEK

YEAR RUN SIZE METHODOLOGYIREFERENCE

1956 No estimate Spring run were observed for the first time since 1949, Azevedo and Parkhurst (1958).

1957-1959 No survey No surveys were conducted in the spring run habitat above Saeltzer Dam dudng these year, Hallock and Van Woed
(1957). Mahoney (1958), CDFG (19597.

1960 0 Aerial surveys and one survey on the ground were made upstream of Saeltzer Dam with no salmon or evidence of
spawning observed, Mahoney (1962)

1961-1963      No survey No surveys were conducted in the spdng run habitat above Saeltzer Dam dudng these years, Elwell (1962). Menchen
(19.6.3), aenchen (t964).                 ,

1964 No survey No surveys were conducted in the spring run habitat above Saettzer Dam, however a trap was installed in the upper end
of the tunnel fishway which collected nine salmon between October 30 and November 4, which were all identified as fall
run, Menchen (1965) .......

1965-1976 No survey No surveys were conducted in the spring run habitat above Saeltzer Dam dudng these years, Menchen (1966), (1967),
.. (1968), (!969), (19.70), (1972): Taylor (1973), (1974a), (1974b), (1976); Hoopaugh (1977), (1978).

1977 158 Fish were hauled to Clear Creek from Keswick Dam, Hoopaugh and Knu~son (1979~.

1978-1992 No survey No surveys were conducted in the spring run habitat above Saeltzer Dam during these years, Knutson (1980); Reavis
(1981a), (1981b), (1983), (1986a~, (1986bl; Kano, Reavis and Fisher (19961; Kano and Reavis (19961~ (1997a~b).

1993 No estimate One fish observed below Saeltzer Dam in the pedod April-June, as pad of evaluation of Feather River Hatchery Juvenile
(br .ood year 19g0) introductions, Harvey (!995bI.

1994       No estimate No fish observed below Saeltzer Dam in the pedod April-June, as pad of evaluation of Feather River Hatchery juvenile                    i~1
~ year lg90, 19911 introductions, Harvey (1995b)..    ..

1995 No estimate Two fish observed below Saeltzer Dam in the pedod April-June, as pad of evaluation of Feather River Hatchery juvenile
(brood year 1991, 1992~ introductions, Harvey (1995b).

1996-1997 No estimate . .
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BATTLE CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1943-1945 >=500 Count by U.S. Fish and Wildlife Service at Coleman Hatchery, Fry (1961).

1946 >=2500 Count by U.S. Fish and Wildlife Service at Coleman Hatchery of 500 fish or less, and 2,000 natural spawners based on
spawning area surveys and/or redd counts, Fry,(19617.

1947 1,000 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Fry (1961).

1948 >=500 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (19587, Fry (19617.

200 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
1949 Parkhurst (19587

>=500     Estimate was based upon rounded number from U.S. Fish and Wildlife Service~ Fry (19617.                                         03

1950 1,000 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (19587, Fry 119617. ~’-

1,832 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
t.e)

1951 Parkhurst (1958~, ~1

2,000 Estimate was based upon rounded number from U.S. Fish and Wildlife Service, Fry (19617. ~

I
1,700 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and

1952 Parkhurst (1958) t’t

,, 2,000 Estimate was based upon rounded number from U.S. Fish and Wildlife Service, Fry (1961).

1,800 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
1953 Parkhurst (19587

2,000 Estimate was based upon rounded number from U.S. Fish and Wildlife Service, Fry (1961).

1,700 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
1954 Parkhurst (19587

2,000 Estimate was based upon rounded number from US Fish and Wildlife Service, Fn/(1961).
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BATTLE CREEK

YEAR RUN METHODOLOGWREFERENCE
SIZE

1955          2,200     Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958)           . ..

2,000 Estimate was based upon rounded number from U.S. Fish and Wildlife Service, Fry (1961).

1956          2,000     Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).                                       ,,,

1957-1993 No estimate Annual Depadment spawning stock repods consistently mention spring run in Battle Creek. Spring run were observed in
North Battle Creek, near the Mouth of Digger Creek during the spring and summer of 1970, Menchen (1972). Several
spring rdn were seen near the Coleman Fish Hatchery barrier in June 1971, Taylor (1973). Several spring run were seen
near the Coleman Fish Hatchery barrier in June 1972, Taylor (1974a). Several spring run were seen near the Coleman
Fish Hatchery barrier in May and June 1973, Taylor (1974b). Several spring run were seen near the Coleman Fish 03
Hatchery barder in June 1974, Taylor (1976). Several spdng run (less than 10) were seen on upper Battle Creek near
Darrah Springs Hatchery after a high run-off p.eriod during June..1975, Hoopaugh (1977).                                          03

1994 No estimate
:

1995 66 Estimate is based upon US. Fish and Wildlife Service counts of fish passing the Coleman Hatchery barrier from March
through July, Croci (1996).

1996 40 Estimate is based upon U.S. Fish and Wildlife Service counts of fish passing the Coleman Hatchery barder from March
through July. Adult were observed in the upper sections of Battle Creek through the end of August, while two redds were
observed in the Nodh Fork between Wildcat Dam and County Road A-6 bddge on September 17, Croci (1996).

1997 101 Estimate is based upon U.S. Fish and Wildlife Service counts of fish passing the Coleman Hatchery harder from March
through July. Tissue samples of the first foudeen fish were analyzed, with five identified as winter run, and the remainder
exhibiting significant uncedainty .as to r.ace. Croci (pers. com.)                               ...
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ANTELOPE CREEK

YEAR RUN METHODOLOGY/REFERENCE
SIZE

1953 127 Fish seined from below dam (removed after 1960I, Unpublished Memo (Region 1, CDFG)

253      Fish seined at dam on June 12, 1956, Hallock 11957).
1956

800 Azevedo and Parkhurst 119581, Fr~ (1961).

40 Fish observed at dam on April 21, 1959, Van Woert (1959).
1959

50 Azevedo and Parkhurst (1958).

1960-1982 No surveys Annual CDFG spawning stock repods consistently mention that spring-run salmon are known to enter Antelope Creek,
however no surveys were conducted during this pedod.

1983 59 U.S. Forest Service personnel estimated the population based upon visual observation of 20 live fish~ Reavis (1986a).

1984 No estimate U.S. Forest Service personnel observed 1 carcass and 3 redds. Annual CDFG spawning stock repods consistently
mention that spring-run salmon are known to enter Antelope Creek, however no surveys were conducted dudng this
pedod.

1985 No estimate Annual CDFG spawning stock reports consistently mention that spring-run salmon are known to enter Antelope Creek,
however no surveys were conducted during this period.

1986 No estimate CDFG snorkel survey.found 1 adult spring run, Harvey (1996c).

1987 No estimate CDFG snorkel found 0 adult spdng run, Harvey (1996c)

1988 No estimate CDFG observed 4 spring run at LMMWC Diversion Dam, Harvey (1996c).

1989 2 A Snorkel survey was conducted on August 1 and 15 from McClure Place to 2 mil,~s d~wnstleam of Payl=es Place
crossing, Harvey (1996c~).

1990 1 A Snorkel survey was conducted on August 6 and 7 from South Fork Antelope Creek Campground to North and South
Fork confluence, and from North and South Fork conflence downstream to Paynes Place crossing, Harvey (1996c).

1991 0 A snorkel survey was conducted on August 12 from North and South Fork confluence downstream to Paynes Place
crossing, Harvey (1996c).

1992 0 A snorkel survey was conducted on August 13 from North and South Fork confluence downstream to Paynes Place
crossin_cl, Harvey (1996c).
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ANTELOPE CREEK

YEAR RUN METHODOLOGY/REFERENCE
SIZE

1993 3 A snorkel survey was conducted on August 9 and 13 from Nodh and South Fork confluence to two miles downstream of
Paynes Place crossing, Harvey (1996c).

1994 0 A snorkel survey was conducted on August 1 from Round Mountain Creek on South Fork downstream to Nodh and
South Fork confluence, and from North and South Fork confluence downstream to Paynes Place crossing, Harvey

19q5 7 Snorkel surveys conducted on July 26, 28, 31, and August 2, which included reaches from McClure Place to South Fork
confluence; South Fork at falls below South Fork Campgrounds and the main stem from the Nodh and South Fork
confluence to 2 miles downstream of Paynes Place crossing, Harvey (1996c~).                               . .

1996 1 A snorkel survey was conducted on July 31 from McClure Place to South Fork confluence, South Fork from Round
Mouuntain Creek to Nodh Fork confluence, and mainstem from Nodh and South Fork confluence to two miles
downsteam of Paynes Place crossing, Harvey...(1996bl.             ...

1997 0 Snorkel survey was conducted on July 30, in the reach from McClure Place to South Fork con~uence; South Fork from
Round Mountain Creek to North Fork confluence, the main stem from North and South Fork confluence to 2 miles
downstream of Paynes Creek crossing~ Harvey (1997. bl.
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MILL CREEK

YEAR RUN METHODOLOGY/REFERENCE
SIZE

1947 3,000 Estimate by US. Fish and Wildlife Service based on spawning area surveys andlor aedal redd counts, Fry (1961).

1948 2,000 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Fry (1961).

1949 1,200 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1950 2,000 Estimate by US. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1951 300 Estimate by U.S Fish and Wildlife Service based on spawning area surveys andlor aerial redd counts, Fry (1961).

1952 2,100 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1953 3,485 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1954 1,789 Estimate was based upon ladder counts at Clough Dam, Azevedo and Parkhurst (1958), Fry (1961}~ Van Woed (1964).

1955 2,967 Estimate was based upon ladder counts at Clough Dam, Azevedo and Parkhurst (1958), F~y (1961), Van Woert (lg64).

1956 2,233 Estimate was based upon ladder counts at Clough Dam, Azevedo and Parkhurst (1958), Fn/(1961), Van Woed (1964).

1957 1,203 Estimate was based upon ladder counts at Clough Dam, Azevedo and Parkhurst (1958), Fry (1961), Van Woert (1964),
CDFG (1967).. .......

1958 2,212 Spdng run were counted passing through the fish ladder on Clough Dam, CDFG (1959), Van Woed (1964).

1959 1,580 Spdng run were counted passing through the fish ladder on Clough Dam, Mahoney (1960I, Van Woed (1964).

1960 2,368 Spring run were counted passing through the fish ladder on Clough Dam, Mahoney (1962), Van Woed (1964).

1961 1,245 Spdng run were counted passing through the fish ladder on Clou~]h Dam, Elwell (1962), Van Woert (1964).

1962 1,692 Spring run were counted passing through the fish ladder on Clough Dam, Menchen (1963), Van Woed (1964)..

1963 1,315 Sl~rin~l run were counted Dassin~l throuClh the fish ladder on Clou~lh Dam, Menchen (1964). Van Woed (1964).
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MILL CREEK

YEAR RUN METHODOLOGWREFERENCE
SIZE

1964 1,628 Spring run were counted passing through the fish ladder on Clough Dam between February 25 and June 28 19~4,
Menchen (1965).

1965 No estimate Menchen (1966). ....
1966 No estimate Menchen (1967). . .....
1967 No estimate Menchen (1968).

1968 No estimate Menchen (19~9). i

1969 No estimate Menchen (1970).
’ ..... 031970 1,500 Three survey trips were made on upper Mill Creek on October 4, 11, and 17, 1970. The reach covered ran from 4.5

miles above the Ponderosa Way Bridge at Blackrock to the mouth of Little Mill Creek. Sixty six carcasses and 162 live ~
salmon were observed. No basis is given for the expansion, Menche, n (1972).

’ ........ ~1
1971 1,000 Eleven days were spent (September 27-29, October 4-7, 12-15) surveying upper Mill Creek from 3 miles above Black

Rock downstream to the mouth of Little Mill Creek. Recovery conditions were repoded to be good. The counts totaled Le)
110 live salmon, 4 dead salmon and 115 redds. Additional fish were observed just upstream of the Highway 36 mad ~1
crossing on October 9 and included 5 carcasses, 2 live, and 2 redds. Estimate was based only on the first survey with no
basis given for the expansion, Taylor (19737. ~

I
1972 500 Six days were spent (October 2-7) surveying upper Mill Creek from 3 miles above Black Rock to Pape Place near the

mouth of Little Mill Creek. Recovery conditions were repoded as good, with 12 carcasses and 8 live fish observed. No                    i~1
basis was given for the expansion, Taylor (1974aI.

1973 1,700 Sixteen days were spent between September 10 and October 3, surveying upper Mill Creek between Black Rock and the
mouth of Little Mill Creek. Recovery conditions during three of the tdps were described as excellent, while dudng the
foudh visibility was poor. Thirty carcasses were recovered and 198 live salmon were observed. No basis was given for
the expansion, Taylor (1974).

1974 1,500 Thideen days were spent between September 17 and October 16, 1974 surveying upper Mill Creek between Black Rock
and the mouth of Little Mill Creek. Recovery conditions were described as excellent with 5 carcasses and 119 live
salmon observed. No basis was given for the expansion, Taylor (19.7.6).

1975 3,500 Thideen days were spent surveying upper Mill Creek between the upper end of Chllds Meadows and the mouth of Little
Mill Creek, between September 4, and October 21, 1975. Recovery conditions were described as excellent with 12
carcasses and 330 live salmon observed. No basis was qiven for the expansion, Hoopau.qh (1.978)..

Appendix B - Page 13



MILL CREEK li
YEAR RUN METHODOLOGYIREFERENCE

SIZE

1976 No estimate One survey was conducted on September 29, 1976, with 87 live fish observed. No estimate was made, Hoopaugh
(1978).

1977 563 It was assumed that no spring run migrated into Mill Creek during 1977 due to lbe drought conditions, however, 563
spring run were transported from the Keswick trap inlo Mill Creek. Fifteen survey Irips were conducted on upper Mill
Creek between August 2, and October 10, 1977, during which 14 carcasses, 11 live salmon and 23 redds were noted,
Hoopaugh and Knutson (1979).

1978 925 Eight surveys were made on upper Mill Creek from Highway 36 to Blackrock, between September 13, and October 10,
1978. A total of 37 carcasses and 76 redds were counted. Estimate is based upon a 4% recovery rate, with no
discussion of how recover~ rate was developed, Knutson (1980).

1979 No estimate No survey was conducted dudng 1979, Reavis (1981a~).

1980 500 Three survey trips were conducted in upper Mill Creek from Highway 36 to Blackrock with eleven redds and two live
salmon observed. No basis was given for the expansion, Reavis 11981b).

1981 No estimate One survey was conducted from Highway 36 to Blackrock with 15 live salmon and 2 redds observed. No estimate was
made, Reavis (1983).

1982 700 Seven surveys were conducted from Highway 36 to 2 miles below Blackrock. Thirty-seven redds and 33 live salmon
were observed. No basis was given for the expansion, Reavis 11986a).

1983 No estimate Four surveys were conducted between Highway 36 and 2 miles below Blackrock, with only 1 carcass observed. No
population estimate was made, Reavis (1986bl.

1984 191 Four survey trips were made between Highway 36 and 2 miles downstream of Blackrock from September 12-28, 1984,
with 13 carcasses observed. No estimate was made, Kano, et at. (1996). In addition ladder counts were conducted at
Clough Dam from April 5, to July 6, 1984, dudng which 191 adult spdng run were counted~ Fisher (1984).

1985 121 Eight surveys were made between Highway 36 and 2 miles downstream of Blackrock from September 6, to October 23,
1985, during which 59 live adults were observed. No population estimate was made, however U.S. Forest Service
personnel conducted a snorkel survey and estimated the population to be 121 fish, Kano and Reavis (1996)

1986 291 U.S. Fish and Wildlife Service based the estimate upon fish passing through the fish ladder at Clough Dam, Kano and
Reavis (1997a). No surveys were conducted by CDFG.

1987 89 Estimate was based upon counts made at the Clough Dam fish ladder by U.S. Fish and Wildlife Service, Kano and
Reavis (1997b) .....
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MILL CREEK

YEAR RUN METHODOLOGWREFERENCE
SIZE

1988 572 Electronic counter was installed in the fish ladder on Clough Dam, and periodically verified through visual observation,
Painter (1988).

1989 561 Electronic counter was installed in the fish ladder on Clough Dam, and periodically vedfied through visual observation,
Painter (1989).

1990 844 Electronic counter wa~ installed in the fish ladder on Clough Dam, and periodically vedfied through visual observation,
Painter (1990).

1991           319      Electronic counter was installed in the fish ladder on Clough Dam, and periodically verified through visual observation,
Painter (1991).                         .

1992           237      Electronic counter was installed in the fish ladder on Clough Dam, and periodically verified through visual observation,
Painter (1992).                      . .

1993           61      Electronic counter was installed in the fish ladder on Clough Dam, and periodically verified through visual observation,
Harvey (1993b).                        .,

1994 723 Electronic counter was installed in the fish ladder on CIough Dam, and periodically verified through visual observation,
Harvey (1994b~.

1995 320 Electronic counter was installed in the fish ladder on Clough Dam, and periodical!y verified through visual observation,
Harvey and Fisher !1996).

lgg6 252 Electronic counter was installed in the fish ladder on Clough Dam, and periodically vedfled through visual observation,
Harvey and Fisher (1997).

1997 200 Estiroate based upon redd count (100 redds) of entire spawning habitat, Harvey (Personal communication 1997).
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DEER CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1940 268 Weir counts were conducted by U.S Fish and Wildlife Service from April 12, through May 22, 1940, during which 268
spring run adults were counted, Cramer and Hammack, (1952).

1941 635 Weir counts were conducted by US. Fish and Wildlife Service from May 20, through July 6, 1941, during which 635
(636) spring run adults were counted. In addition 636 fish were transported from Keswick Dam on the Sacramento River,

Cramer and Hammack, (1952).

1942 1,108 Weir counts were conducted by U.S. Fish and Wildlife Service from May 13, through July 2, 1942,
dudng which 1,108 spring run adults were counted, Cramer and Hammack, (1952).

1943 812 Weir counts were conducted by U.S. Fish and Wildlife Service from February 20, through June 16, 1943, during which
(3,972) 812 spring run adults were counted. In addition 3,972 fish were transpoded from Keswick Dam on the Sacramento

River, Cramer and Hammack, (1952).

1944 2,692 Weir counts were conducted by US. Fish and Wildlife Service from January 1, through June 30, 1944, during which
(6,604) 2,692 spring run adults were counted. In addition 6,604 fish were transported from Keswick Dam on the Sacramento

River, Cramer and Hammack, (1952).

1945 3,363 Weir counts were conducted by US. Fish and wildlife Service from April 13, through June 23, 1945, during which 3,363
(1,504) spring run adults were counted. In addition 1,504 fish were transpoded from Keswick Dam on the Sacramento River,

Cramer and Hammack, (1952).

1946 4,271 Weir counts were conducted by U.S. Fish and Wildlife Service from April 11, through June 19, 1946, during which 4,271
(147) spdng run adults were counted. In addition 147 fish were transported from Keswick Dam on the Sacramento River,

Cramer and Hammack, (1952).

1947          2,669     Weir counts were conducted by U.S. Fish and Wildlife Service from April 11, through May 15, 1947, during which 2,669
spring run, adults were counted, Cramer and Hammack, (1952).                                      ,,,.

1948 2000 Estimate by US. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, plus incomplete
weir count, Fry (1961).

419 Weir counts were conducted by U.S. Fish and Wildlife Service from May 11, through June 30, 1948, dudng which 419
spring run adults were counted, Cramer and Hammack, (1952).

1949 1,200 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), Fry (1961).
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DEER CREEK

YEAR RUN MFTHODOt.OGYIREFERENCE
SIZE

1950 2,000 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aedal redd counts, Azevedo and
Parkhurst (1958), ..Fry (1961). . ..

1951 2,300 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
parkhurst (1958), Fry (1961).

1952 1,800 Estimate by U.S. Fi.~h and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst 11958), Fry (1961).

1953 2.475 Estimate by U.S Fish and Wildlife S~rvice based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhur.st (1958I, Fry (1961).

1954 2,500 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry 41961).; .....

1955 2,900 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
.. Parkhurst (1958), Fry (1961).

1956 2,600 Estimate by U.S. Fish and Wildlife Service based on spawning area surveys and/or aerial redd counts, Azevedo and
Parkhurst (1958), Fry (1961).

1957 No estimate No surve)~s were conducted for spring run during 1957, Mahoney (!958).

1958 No estimate Survey was conducted in September in the reach between Highway 36 and lower Deer Creek Falls, with 3 live salmon
and 2 redds observed. An attempt was made to examine lower reaches of Deer Creek by air, however this technique
was judged to be unsatisfactory for the conditions, CDFG (1959).

1959 No estimate No surveys were conducted for spdng run dudng 1959, Mahoney 41960). ...

1960 No estimate No surveys were conducted for spdng run during 1960, Mahoney (1.962). ...

. .~1961 No estimate No surveys were conducted for spring run dudng 1961, Elwell (1962).

1962 No estimate No surveys were conducted for spring run dudng 1962, Menchen (19631.

1963 2,302 Counting station was installed at Stanford Vina Dam with 1,702 fish counted fish passing through the fish ladder between
March 20, and June 12, 1963. In addition it was estimated that 300 to 500 salmon died below the dam due to low flows
and hioh water temperatures in June. Menchen (1964).
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DEER CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1964 3,188 Counting station was installed at Stanford Vina Dam and counted 2,878 fish passing through the fish ladder from
February 19, through May 19, 1964. In addition 210 salmon were rescued in lower Deer Creek in May due to low flows
and high water temperatures, wilh 60 placed back in Deer Creek and the remainder released in the Sacramento River.
An additional 100 fish were observed in the pool below the dam during June, Menchen (1965).

1965 No estimate No surveys were conducted for spring run during 1965, Menchen (1966).

1966 No estimate No surveys were conducted for spring run during 1966, Menchen (1967).

1967 No estimate No surveys were conducted for spdng run during 1967, Menchen (1968I.
1968 No estimate No surveys were conducted for spring run dudng 1968, Menchen (1969).

1969 No estimate No surveys were conducted for spring run during 1969, Menchen (1970).

1970 2,000 Two surveys were made during late September in the reach near lower Deer Creek Falls, dudng which 30 carcasses and
200 live fish were observed. No basis for the expansion was presented, Menchen (1972).

1971 1,500 Ten days (September 13-17, 20-24, 1971) were spent surveying Deer Creek from Ponderosa Way to Deer Creek
Meadows. Survey conditions were rated as good with a total of 85 live salmon and 122 redds observed. It was noted
that salmon were repoded spawning below Ponderosa Way in the area not surveyed. No basis was given for the
expansion, Taylor (1973).

1972 400 Sixteen days from September 3 to 26 were spent surveying Deer Creek from one mile below the PG&E power line
crossing to upper Deer Creek Falls. Salmon were seen spawning as eady as September 3, Ponderosa Way, and as late
as September 27, at the A-line crossing. Survey conditions were rated as good with 2 carcasses, 9 live salmon and 6
redds observed. No basis was given for the expansion, Taylor (1974a).

1973 2,000 Nine days were spent from September 7 to October 12, 1973, surveying Deer Creek from 1 mile below the PG&E power
line crossing to upper Deer Creek falls. Salmon were noted spawning as early as September 27 at Graham Crossing
and as late as October 12 near upper Deer Creek Falls. Survey conditions were rated as good with 20 carcasses, 98 live
salmon and 107 redds observed. No basis was given for the expansion, Taylor (1974b).

1974 3,500 Seven days were spent between September 18, and October 18, 1974, surveying Deer Creek from I mile below the
PG&E power line crossing to upper Deer Creek Falls. Survey conditions were rated as good with 212 live salmon and
158 redds observed. No basis was .qiven for the expansion, Taylor (’1976).

Appendix B - Page 18



61. a6ec] - 8 x!puaddv



DEER CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1985 301 A limited survey of the reach from Ponderosa Way to Upper Deer Creek Falls was conducted w~th 103 live salmon and
26 redds observed. No estimate was made b~.~ed upon the limited observations, however based upon UoS. Forest
Service snorkel surveys the population estimated to be about 301 salmon~ Kano and Reavis (1996).

1986 543 Surveys were made between September 12 and October 11, 1986, in selected areas within the reach from Ponderosa
Way to Upper Deer Creek Falls, with 107 live salmon observed. No population estimate was made based upon the
observations, however USFWS made counts at the Stanford Vina Dam fish ladder and estimated the population at 543
fish, Kano and Reavis (1997a).

1987 200 Estimate was made based upon snorkel survey conducted by U.C. Davis staff and the ratio developed for the 1986 run
between fish seen in an index stream reach and adults immigrating past Stanford Vina Dam, Kano and Reavis (1997b).

1988 371 U.S. Forest Service personnel survey developed estimate from snorkel survey and the 1986 indicator reach population
ratio value determined by Ekman (1987I, as repoded by McFadand (1991).

1989 77 U.S. Forest Service personnel survey developed estimate from snorkel survey and the 1986 indicator reach population
ratio value determined by Ekman (1987), as reported by McFadand (1991).

1990 458 U.S. Forest Service personnel survey developed estimate from snorkel survey and the 1986 indicator reach population
ratio value determined by Ekman (1987), as reported by McFadand (1991).

1991 448 U.S. Forest Sen/ice personnel survey developed estimate from snorkel survey and the 1986 indicator reach population
ratio value determined by Ekman (1987), as repoded by McFadand (1992).

1992 209 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1992). i~1

1993 259 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1993a).

1994 485 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1994a~).

1995 1,295 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1995c).

1996 614 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1996d).

1997 466 Estimate was based upon snorkel survey of entire holding habitat, Harvey (1997a).
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BIG CHICO CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1956 500 Estimate based upon observations of local warden Gene Mercer.

1957 248 Warden Gene Mercer observed 208 spring run move past One Mile Pool Dam by May 5, 1957. In addition, he knew of
40 adults that died at One Mile Pool and heard of at least 40 more being poached, Yoshloka (1991).

1958 1,000 Three hundred spring run were trapped below the Iron Canyon barrier and transported above the barrier. Two survey
trips were made in the fall from the below Iron Canyon to Higgins Hole. Estimate is based primarily upon counts of fish
rescued with no basis given for expansion, CDFG (1958!, Fry (19611.

lg59 200 No basis for the estimate is given, Mahoney (1960), Fry (19~1).

1960 No estimate One survey was conducted with several spring run adults observed, however n,o estimate was madeT Mahoney (1962). ~--

1961 No estimate No surveys were cqnducted for spring run during 1961 Elwell (1962). ~.-

1962 200 Two .’~urvey tdps were conducted on September 19, and October 10, 1962, in the reach from Salmon Hole to Higgins ~1
Hole, with 3 camasses and 13 live salmon observed. Estimate is based upon an assumed 8% observation rate, with no                   ~
basis for how the rate was derived, Menchen (1963I.

1963 500 Two survey trips were made in the reach from Salmon Hole to Higgins Hole with the comment that most of the fish were
seen near Higgins Hole, while 20 live salmon were seen in the Iron Canyon area. No basis was given for the expansion,                  ~
Menchen (1964).                                                                                      I

1964 100 One survey was made with most fish seen in the area near Higgins Hole, however the numbers of fish were not given. ~1
The estimate is based upon live fish, Menchen (1965).

1965 50 One survey was made with most fish seen in the area near Higgins Hole, however the numbers of fish were not given.
The estimate is based upon live fish, Menchen (1966).

1966 50 One survey was made in the reach between Ponderosa Way and Higgins Hole, with 7 live salmon and 2 redds observed.
No basis was given for the expansion, Menchen (1967).

1967 150 One survey was conducted on September 25, 1967, from Ponderosa way to Higglns Hole, 22 live salmon observed. No
basis was given for the expansion, Menchen (1968I.

1968 175 One survey was made on September 27, from just below Ponderosa Way to Hlggins Hole, with 35 live salmon and 14
mdds observed. No basis was aiven for the expansion, Menchen (1969).
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YEAR RUN METHODOLOGYIREFERENCE
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1969 200 One survey was made on October 14 from just below Ponderosa Way to Higglns Hole, with 13 carcasses, 13 live salmon
and 6 redds observed. No basis was given for the expansion, Menchen (1970).

1970 No estimate Surveys were conducted on October 1 and 14, 1970, in the reach from Ponderosa Way to Higglns Hole, with no salmon
observed. A few salmon were repodedly observed in Bidwell Park in the spdng, Menchen (1972)

1971 0 Three surveys were conducted in select reaches on October 19, October 28, and November 5, 1971, with no salmon or
other signs of previous spawning observed, Taylor (1973)..

1972 No estimate No survey was conducted dudng 1972, Taylor (1974a).

1973 50 Twenty salmon were observed in Higgins Hole on September 18, while during a second survey on October 10, no live
salmon or carcasses were observed. No basis was given fo.r the expansion, Taylor (1974b).

1974 100 Thirty-five salmon were observed in Higgins Hole on September 6, 1974, while no additional surveys were conducted.
No basis was given for the expansion, Taylor (19767.

1976-76 No estimate No surveys were made, Hoopaugh (1977), Hoopaugh (1978).

1977 (332) Adult Sacramento River spring run (332) were transpoded from Red Bluff into Big Chlco Creek. Substantial mortalities
occurred dudng t.he summer and it was estimated that 100 fish survived to spawn, Hoopaug.h and Knutson (19797.

...~1978-1982 No estimate Knutson (1980), Reavis (1981a7, Reavis (1981b), Reavis (19837. Reavis (1986a)..,..

1983 No estimate Limited surveys were conducted with on carcass seen by the local warden dudng the summer. No salmon were
observed dudng a survey of Higgins Hole, Reavis (1986b7...

1984 0 One survey was conducted on October 2, 1984 from Ponderosa Way to Higgins Hole, with no salmon observed. It was
concluded that no spring run spawned in Big Chico Creek this year, Kano, et al. (1996).

1985 0 One survey was conducted on July 19, 1985, in the reach from Bidwell Park to Higgins Hole with no salmon observed. It
was felt that low flows prevented spdng run salmon from entedng the creek this year, Kano.and Reavis (19967.

1986-1988 No estimate No surveys were made, Kano (19977, Kano and Reavis (1997a,b7. .

1989 7 A snorkel survey was conducted, Faustinl (19897.

1990. 0 A snorkel survey was conducted, Yoshioka (1990).
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BUTTE CREEK

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1943-1952 No surveys Pdor to 1953 there are no reliable population surveys. Fry (1961) is apparently the reference for the estimate of 500 fish
or less, an estimate often referenced apparently in error by other reviewers, Campbell and Moyle (1990), Gerstung,
(1990).

1953 No estimate Previous estimate is based upon one carcass seen on November 23 between the Covered Bridge and Parrott-Phelan
Dam which would therefore represent fall run rather than spring run. In addition no justification is given for the expansion
factor (1:500~), Meacham (1954)

1954 830 Warner (1954) documented 830 adult salmon passing the Parrott-Phelan Dam dudng a 21 day pedod from May 7,
through May 27. Late rains and high flows delayed the counting effort with the likely result that many fish entered the
system pdor to May 7., ,

500 No surveys were made during 1954. Fry (19~ ~.,~ is apparently the reference for the estimate of 500 fish or less, an
estima!e, often referenced in error by other reviewers, Campbell and Moy!e (1990), Gerstung (1990).

2,000 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).’
1955 400 Fry and Petrovich (1970). ,

500 Fry (1961) is apparently the reference for the estimate of 500 fish or less, an estimate often referenced apparently in
error by other reviewers, Campbell and Moyle (1990~, Gerstun~ (1990).

300 Estimate expanded from annual carcass, redd and live salmon counts~ Flint and Meyer (1977)

1956 3,000 Hallock and Van Woed (1957), Fry (1961), Fry and Petrovich (1970), Flint and Meyer (1977), Carcass count (608
carcasses) was conducted between September 26, and October 8, which was estimated to represent 20% of the
population, Warner (1957).

1957 2,192 Carcass counts (63 carcasses) were conducted from September 24, to October 8, between the Centerville Head Dam
and the Centerville Powerhouse, while an additional count (194 carcasses) was conducted on September 25, from the
Centerville Powerhouse to Parrott-Phelan Dam. Carcass numbers were expanded by a factor of 4 for Centerville Head
Dam to Centerville Powerhouse and a factor of 10 for Centerville Powerhouse to Parrott-Phelan Dam. No justification
was given for expansion factors. Live fish and redds were observed but were not included in calculation of population
estimate, Mahoney (1958), Gundy et al. (1957).           ....

2~000 Fry (1961), Fry and Petrovich (1970).

1.400 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).
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BUTTE CREEK

YEAR RUN MEYHODOLOGYIREFERENCE
SIZE

1958 1,100 One carcass count (104 carcasses) was conducted on October 10 between Centerville Powerhouse and Parrot-Phelan
Dam, on October 2, from Centerville Head Dam to Cenlerville Powerhouse (1 carcass), and f~om Parrot-Phelan Dam to
Highway 99 (6 carcasses). All carcasses were expanded by a factor of 10 with no justification given for the expansion
factor. Live fish and redds were observed but were not included in calculation of the population estimate, CDFG (1959),
Oates et el. (195~).

~1968
1,000 Fry (1961), Fry and Petrovich (1970),

~ 436 Estimate exp;~nded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).

1959 500 Carcass counts were conducted on September 22, and October 6, between the Centerville Bddge and the Covered
Bddge (51 carcasses), on September 23, from the Covered Bridge to Parrott-Phelan Dam (2 carcasses), and on
September 24 from the Helltown Road to Centerville Bddge (1 carcass). Carcass counts were expanded by a factor of
10 without explanation. Live fish and redds were observed but were not included in the calculation of the population
estimate, Mahoney (1960), .White I1959), Fry (19~1), Fry and Petro.vich (1970).

170 Estimate expanded from annual carcass, redd and live salmon cou.~t.s~ Flint end Meyer (1977).

1960 8,700 Carcass counts were conducted on September 27 and 28, between Centervtl/e Head Dam and Centendge Powerhouse
(4 carcasses); on September 28,29,30, October 3, 11, and 12 between Centerville Powed~ouse and the Covered Bddge
(2,630 carcasses); on October 4 and 12, between the Covered Bddge and Parmtt-Phelan Dam (606 carcasses); on
October 4 and 13 between Parrott-Phelan Dam and the Skyway (76 carcasses). Dudng the month of September 280 live
adults were tagged, Hallock (1960) and 128 subsequently recovered dudng the carcass surveys. Carcass counts were
expanded based upon the mark/recapture ratio to an estimated spawning population of 6,700 adults. In addition, it was
estimated that 2,000 adults died from high water temperatures in the area between the Centerville Head Dam and the
Centerville Powerhouse dudng the summer and pdor to spawning. Live fish and radds were observed throughout but
were not included in the computation of the population estimate, Mahoney (1962), Young et el. (lg00).

6,700 CDFG (1990) ....

.7~000 Fry and Petrovlch (1970) ......

21.900 Estimate exoanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).
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YEAR RUN METHODOLOGYIREFERENCE
SIZE

1961 3,100 Carcass counts were conducted on September 21, and October 2, in the area between Centerville Head Dam and
Centerville Powerhouse (259 carcasses); on September 26, 27, and October 9, and 10, in the area from the Centerville
Powerhouse to the Covered Bddge (802 carcasses); on September 28, and October 10, in the area from the Centerville
Powerhouse to the Covered Bddge (113 carcasses); on September 29, and October 11, from Parrott-Phelan Dam to the
Skyway,(23 carcasses). On September 7, 8,342 adults were captured and tagged, Hallock (1961), with 127 tags
recovered during the carcass survey. Carcass counts were expanded based upon the mark/recapture ratio to an
estimated spawning population of 3,100 adults. Live fish and redds were observed throughout but were not included in
the computation..of the spawning population estimate, Elwel141962), Ekvell et el. (1961), CDFG (1990).

3,000 Fry and Petrovich 41970).

5,400 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (lg77).

1962 1,750 No carcass counts were conducted in the reach from the Centerville Head Dam to the Cenlerville Powerhouse. Carcass
counts were conducted on September 10, 17, 18, 25, 26, and October 1, 2, 8, and 9, in the reach from the Centerville
Powerhouse to the Covered Bridge (339 carcasses); on September 11, 18, 26, and October 2, 3, and 10, in the reach
from the Covered Bddge to the Parrott Phelan Dam (83 carcasses); on October 3, in the reach fi’om Parrott Phelan Dam
to the Skyway (2 carcasses). During the month of August 302 adults were captured and tagged, Hallock (1962), with 89 u’)
tags recovered dudng the carcass survey. Carcass counts were expanded based upon the mark/recapture ratio to an
estimated population of 1750 adults. Live fish and redds were observed throughout but were not included in the
computation of the spawning population estimate, Menchen (1963), Menchen et a1.(1962), Flint and Meyer (1977), CDFG
41990)" , ............ I

2,000 Fry and petrovich (1970). . ........

1963 6,100 No carcass counts were conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse.
Carcass counts were conducted on August 28, September 24, 26, and October 2, and 3, in the reach between
Centerville Powerhouse and the Covered Bridge (1244 carcasses); on September 25 and October 3, in the reach
between the Covered Bridge and Parrott-Phelan Dam (500 carcasses); on September 25, and October 4, in the reach
between Parmtt-Phelan Dam and the Skyway (71 carcasses). On August 20, 21,480 adults were captured and tagged,
Hallock (1963), with 196 tags recovered during the carcass survey. Carcass counts were expanded based upon the
mark/recapture ratio to an estimated adult spawning population of 4,600 fish. There were an additional 1,5(X) fish
estimated to have died from high water temperatures in the reach between the Centerville Head Dam and the Cerderville
Powerhouse. Live fish and redds were observed throughout but were not included in the computation of the estimated
spawning population, Menchen 41964), Menchen et a141963).                                    ,,

4,600. CDFG (1990).
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YEAR RUN METHODOLOGYIREFERENCE
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1963 5,000 F~ and Petrovich (19.70)...

5,333 Estimate expanded from annual carcass, redd and live salmon counts,....F.lint and Meyer .(1977).

1964 600 No carcass counts were conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse.
Carcass counts were conducted on September 28, 29, and October 13, in the reach between Centerville Powerhouse
and the Covered Bridge, (67 carcasses); on September 29, and October 14, in the reach between the Covered Bridge
and Parrott-Phelan Dam, (29 carcasses); on September 30, and October 14, in the reach between Parmtt-Phelan Dam
and the Skyway, (2 carcasses). No mark recapture was attempted, carcass numbers were expanded by a factor of 3,
apparently based upon recovery rates established during 1961-1963. Live fish and redds were observed throughout but
were not included in the computation of the estimated spawning population, Menchen (1965), CDFG (1964), Fry and
Petrovich (1970I, CDF. G (1990).               , .

422 Estimate expanded from aqnual carcass, .r.edd and live salmo..n counts, Flint and Meyer (1977).

lg65 ~. ,000 One aedal and one ground survey was conducted with no recorded information on numbers of live fish/carcasses or
redds seen. The adult spawning population was estimated to be 1,(XX] adults with no explanation for the basis of the
estimate, Menchen (1965),..Fry and petrovich (1970), Flint and Me)~..er (!...977~, CDFG (1990).

1966 80 No carcass survey was conducted in the reach from the Cenlervtlle Head Dam to the Centerville Powerhouse (barrier).
Carcass counts were made on September 27, and October 12, in the reach between the Centerville Powerhouse and the
Covered Bddge (13 carcasses); on September 28, and October 13, in the reach between the Covered Bddge and
Parrott-Phelan Dam (15 Carcasses); on September 28, and October 13, in the reach between the Parmtt-Phelan Dam
and the Skyway (0 carcasses). The carcass count was expanded by a factor of 3, apparently based upon the

.. mark/recapture rate established during the period 1961-1963, Menchen (1967), Arnold (1966.), CDFG (1990).

100 F.ry and Petrovich (1970I.

12.4., Estimate expanded from annual carcass, redd and live salmon countsT Flint and Meyer (197~.

1967 180 Carcass surveys were conducted on September 26, and October 20 in the reach between the Centerville Head Dam end
the Centerville Powerhouse with no carcasses observed; live fish and redds were seen on both surveys. Two carcass
surveys, dates unknown, were conducted in the reaches below the Centerville Powerhouse dudng which 50 carcasses
were recovered. The population estimate was however, based upon live fish counts, Menchen (1968), CDFG (1990)..

200 Fn/and Petrovich (1970). . .
211 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).
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1968 280 One carcass count was conducted on September 26, in the reach between the Centerville Head Dam and the Centerville
Powerhouse with no observed carcasses; 180 live fish had been observed during a preliminary survey on August 13 and
14. Carcass counts were conducted on September 25, and October 9, in the reach from the Centerville Powerhouse to
the Covered Bridge (18 carcasses); on September 26, and October 10, in the reach from the Covered Bridge to the
Parrott-Phelan Dam (1 carcass); on September 26 and October 10, in the reach from the Parroff-Phelan Dam to the
Skyway (1 carcass). Live fish and redds were observed throughout with population estimate based upon a combination
carcass expansions and live fish counts, including the 180 fish which apparently died in the upper section, Menchen
(1969), Young et al. (1968), CDFG (1990).

300 Fry and Petrovich (1970).

80 Estimate expanded from annual carcass, redd and live salmon counls, Fli .nt and Meyer (1977).

1969 830 The reach between Centerville Head Dam and Centerville Powerhouse was surveyed on August 13, 14, with 23 holding
adults observed. Carcass counts were conducted on October 1, 15, in the reach between the Centerville Powerhouse
and the Covered Bridge (57 carcasses); on October 2, in the reach between the Covered Bddge and the Parrott-Phelan
Dam (27 carcasses); on October 2, in the reach between the Parrott-Phelan Dam and the Skyway (6 carcasses). Live
fish and redds were seen throughout, however observations were hampered by turbid water. The population estimate
was based upon carcasses, live fish, and redds, Menchen (1970), Young et al. (1969), CDFG (1990).

800 Fry and Petrovich (1970).

670 Estimate expanded from annual carcass, redd and live salmon counts, .Flint and Meyer (1977).

1970 285 No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. Surveys
were conducted on September 29, 30, and October 15, 16, in the reach from the Centerville Powerhouse to the Skyway
(57 carcasses). Spawning redds were observed throughout. The population estimate was based upon carcasses and
redds observed, Menchen (1972), CDFG (1990).

240 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).

1971 470 No survey was made in the reach between the Centerville Head Dam and the Centendtle Powerhouse. Surveys were
conducted on September 30, October 1, 14, 15, 20, in the reach between the Centendlle Powerhouse and the Skyway
(72 carcasses, 2 skeletons, 106 single redds, 28 multiple redds, 15 live fish), Taylor (1973), CDFG (1990). No
information is available regarding the basis for the population estimate.

227 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).
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YEAR RUN METHODOLOGYIREFERENCE
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1972 150 One survey was conducted on September 29, in the reach between the Centerville Head Dam and the Centerville
Powerhouse (1 live fish, 1 redd). Two boat surveys were conducted on October 4, 5, and 17, 18, in the reach from the
Centerville Powerhouse to the Covered Bridge (18 carcasses, 20 single redds, 10 multiple redds, 1 live fish), Taylor
(1973), CDFG (1990I. No information is available regarding the basis for the population estimate.                 .

.62 Estimate expanded from annual carcass, redd and live salmon counts, Flint and Meyer (1977).

1973 30n No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. Three
surveys were conducted between October 2 and 12, in the reach from the Centerville Powerhouse to the Covered Bridge
(164 carcasses, 32 multiple redds, 57 single redds, 173 live fish), Taylor (1974b), CDFG (1990). No information is
available regarding the basis for th=e pop .ulation estimate.          . .....

314 Estimate expanded from annual carcass, redd and live sa!.m~, n counts,, Flint and Meyer (1977). ,.

1974 150 No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. Surveys
were conducted on October 1, 2, in the reach between the Centerville Powerhouse and the Skyway (16 carcasses, 35
multiple redds, 19 single redds, 31 live fish), Taylor (1976), CDFG (1990). No information is available regarding the basis
for.t.he popu..!ation estimate.. .......

148 Estimate expanded from. annual carcass, redd and live salmon counts, Flint and Meyer (1977). ,

1975 650 No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. A survey
was conducted on September 29 and 30, in the reach between the Centerville Powerhouse and the Skyway (73
carcasses, 99 multiple redds, 31 single redds, 216 live fish), Hoopeugh (1978), Flint and Meyer (1977), CDFG (1990).
No information is available regarding the basis for the Population estimate.     , ,,.

1976 46 No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. A survey
was conducted on September 30, and October 1, in the reach between the Centerville Powerhouse and the Skyway ( 5
carcasses, 7 multiple redds, 4 single redds, 13 live fish). Note is made that recovery conditions were only fair and the
peak of spawning appeared to have occurred prior to the survey, Hoopaugh (1978), Flint and Meyer (1977)0 CDFG
(19.,9~)..’ No information is available regarding the basis for the.population estimate. , ......

1977 100 No surveys were conducted. Mention is made of extremely dry conditions, early diversions and dead and stranded
salmon in lower Butte Creek. Fish were trapped and transpoded into upper Butte Creek from the Suffer Refuge Weir (70
fish) and Red Bluff Diversion Dam (388 fish), Hoopaugh (1979), CDFG (1990). No tnfomtation is available regarding the
basis for the population estimate, although given the fact that no survey was conducted or that 458 fish were transported
into uDDer Butte Creek, the I~oDulation estimate is probably ~luestionable.
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1978 128 No survey was conducted in the reach between the Centerville Head Dam and the CentervBe Powerhouse. One survey
was conducted on October 3 and 4, in the reach between the Centerville Powerhouse and the Skyway (11 carcasses, 49
multiple redds, 4 single redds, 14 live fish). Weather and recovery conditions were described as being fair to good,
although the spawning peak was thought to have occurred prior to the survey, Knulson (1980), CDFG (1990). No
information is available regarding the basis for the population estimate.

1979 10 No survey was conducted in the reach between the Centerville Head Dam and the Centerville Powerhouse. One canoe
survey was conducted on October 2 and 3, in the reach between the Centerville Powerhouse and the Skyway. No dead
or live salmon were seen, while 5 multiple redds were observed. Recovery conditions were described as being the best
in ten years, Reavis (1981a~), CDFG (!990). No info.rmation is available regar, ding the basis for the population estimate.

1980 226 No survey was conducted in the reach between the Centerville Head Dam and the Centervllle Powerhouse (harder not
installed). Surveys were conducted by canoe on October I and 2 in the reach between the Centerville Powerhouse and
the Skyway (13 carcasses, 106 live fish, 43 multiple and 3 single redds) Reavis, (1981b). Comment is made that the
minimum number of salmon accounted for was 119, with no information available regarding the basis for the population
estimate.

"

119 CDFG (1990).

1981 250 The Centerville Barrier was not installed this year. CDFG conducted canoe surveys in the reach between the Ce~lterville
Powerhouse and the Covered Bridge on June 2, (2 live fish), in the reach between the Covered Bddge and Durham
Mutual Dam on October 1 (4 single redds, 4 carcasses, 68 live fish). Mention was made of the PG&E surveys but no
indication whether PG&E numbers were included in estimate, .Reavis (1983)~ C.DFG (1990).

312 PG&E conducted a helicopter survey of the reach from the Centerville Head Dam to Parrott Phelan Dam on October 2
(25 single redds, 6 multiple redds, 1 carcass, 50 live fish), Reavis (1983). Based upon the PG&E survey of the reach
between the Centerville Head Dam and the Centerville Powerhouse, which was not surveyed by CDFG, PG&E
recommended adding 62 additio.n.al fish to the CDFG.estimate, Steitz (1994a).: ~

1982 534 Cenlerville Barrier was not installed. CDFG conducted a canoe survey on September 30, and October 1, in the reach
between the Centerville Powerhouse and the Skyway (7 single redds, 124 multiple redds, 20 carcasses, 141 live fish).
RecoveP/conditions were desc~,i .bed as poor, Reavis (!986a), CDFG 11990).        ...

589 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Centerville Powerhouse, which
was not surveyed by CDFG. PG&E r~commended addinq 55 additional fish to the CDFG estimate, Steitz (1994a).
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1983 50 Centerville Barrier was not installed. CDFG conducted a survey (method unknown) in the reach between the Centerville
Powerhouse and the Covered Bridge, and part of the reach between the Parrott-Phelan Dam and Skyway, on October 5
(5 carcasses, 9 single redds, 3 multiple redds, 6 live fish). Recovery conditions were described as good. No Information
on how population estimate was calc.ulated, Reavis (1986b), .C.DFG

51 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Centervilte Powerhouse, which
was not...su~eye.d by CD.FG, PG&E recommended ad.ding 1 additional fish to the CDFG estimate~ Steitz (lgO34a).

1984 23 Centerville Barrier was not installed. CDFG conducted a canoe survey in the reach between the Centerville Powerhouse
and the Parroti-Phelan Dam on October 1, (1 single redd, 5 multiple redds, 5 live salmon), and in the reach between the
Parrott-Phelan Dam and the Skyway on October 2, (no redds or salmon). No information on how population estimatewas calculated, Kano and Reavis (1996), CDFG (199~...).’ ......

43 PG&E conducted a snorkel survey in the reach between the Centerville Head Dam and the Centervtlle Powerhouse
during August, (5 live salmon), and an aerial survey on the same reach on October 1 (1 multiple redd, 3 live salmon),
Kano and Reavis (1996). Based upon the PG&E survey of the reach between the Centerville Head Dam and the
Centerville Powerhouse, which was not surveyed by CDFG, PG&E recommended adding 20 additional fish to the CDFG
estimate, Steitz (1994a~.                                         .,.

1985 254 Centerville Barrier was not installed. CDFG conducted a canoe survey of the reach between the Centen~lte Powerhouse
and the Covered Bridge on October 1 (89 carcasses, 51 single redds, 1 multiple redd, 116 live salmon), and the reach
between the Parrott-Phelan Dam and the Skyway on October 2 (1 redd, 6 carcasses, 4 live salmon). No information on
how population estimate.was calcuial.ed, Kano and Reavis (1996),..CD.FG (.1990).       , ....

262 PG&E snorkel survey was conducted in the reach between the Centerville Head Dam and the Helltown Bddge on July
17, 18 (8 live salmon), and an aedal survey of the reach between the Centervtlle Head Dam and the Cententille
Powerhouse on October 3, (11 single redds, 3 multiple redds, and 12 live salmon), Kano and Reavis (1996). Based
upon the PG&E survey of the reach between the Centerville Head Dam and the Centerville Powerhouse, which was not
surveyed by.CDFG, PG&E recommended addin~l 8 additional fish to the CDFG estimate, Steitz (1994a).
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1986 1,371 Centerville Barrier was not installed. Aerial ~edd counts were conducted on October 1, in the reach between the
Centerville Head Dam and the Centerville Powerhouse (71 redds), Centerville Powerhouse to Covered bridge (109
redds), Covered Bridge to Parrott-Phelan Dam (34 redds), Parrott-Phelan Dam to Skyway (3 redds). Canoe surveys
were conducted on October 2, 3, in the reach from the Centerville Powerhouse to the Covered Bddge (318 redds);
Covered Bridge to the Parrott-Phelan Dam (65 redds). Canoe survey counts were added to the two counts from reaches
surveyed only by air for a total redd estimate of 457. Each redd was assumed to represent 3 adult salmon, resulting in
overall estimate of 1,371, Kano and Reavis (1997a), CDFG (1990).

1,846 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Centervtlle Powerhouse, PG&E
recommended adding 475 additional fish to the CDFG estimate, Steitz (1994a). The CDFG estimate does however,
appear to include an estimate for the entire reach.

1987 14 Centerville Barrier was not installed. Surveys (method unknown) were conducted on October 1, 2, in the reach between
the Centerville Powerhouse and the Skyway Bridge (7 redds). Not information is available on how population estimate
was made, Kano and Reavis (1997b).

1988 1,300 Centerville Barrier was not installed and no survey was conducted between the Centerville Head Dam and the Centervitle
Powerhouse. A canoe survey was conducted in the reach between Centervilla Powerhouse and the Parrott-Phelan Dam
on October 3,4, (24 single redds, 367 multiple redds, 540 live fish, 177 carcasses). It is stated that the usual estimation
method would result in a population estimate of 1,834, however excellent visibility and the fact many fish had already
spawned caused the estimate to be reduced to 1,294. In addition, no estimate was included for fish spawning above the
Centerville Powerhouse, Flint (1989), CDFG (1990).

1,440 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Centerville Powerhouse, PG&E
recommended adding 140 additional fish to the CDFG estimate, Steitz (1994a).

1989 1,300 Centerville Barrier was not installed. Snorkel surveys were conducted on June 29-30, and August 24-25, resultfng in a
maximum estimate of 1,010 adult salmon. CDFG and PG&E jointly conducted spawning stock surveys on October 3-5 in
the reach from the Centerville Head Dam to the Centerville Powerhouse (275-300 radds, 270 carcasses, 230-240 live
salmon); from the Centerville Powerhouse to the Covered Bddge (289 multiple redds, 14 single redds, 79 carcasses, 267
live salmon). The spawning population estimate was based primarily upon redd counts in the lower reach, resulting in an
initial estimate of 590 fish, Faustini (1990). No rationale was given for the estimate for the remainder of the fish.

2,384 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Center4ille Powerhouse, PG&E
recommended adding 1084 additional fish to the CDFG estimate, Stettz (1994a). Existing documentation brings into
cuestion whether or not fish in the uD~er survey reach were included in the CDFG estimate.
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1990 100 Centerville Barrier was not installed. CDFG conducted a canoe survey in lhe reach between the Centerville Powerhouse
to one mile below the Covered bddge on October 1, (64 multiple redds, 28 carcasses, 48 live salmon). Recovery
conditions were rated as excellent. The minimum count was stated as 76 fish, with the spawning escapement estimate
stated as 250 fish, Flint (1990).

183 Based upon the PG&E snorkel surveys of the reach between the Centerville Head Dam and the Centerville Powerhouse
on June 14, 15,(83 live salmon); on August 15 (60 live salmon, 2 carcasses), PG&E recommended adding 83 additional
fish to the CDFG estimate, Steitz 11994a).

1991 100 CDFG snorkel survey, Mills and Fisher (1994).

150 Based upon the PG&E survey of the reach between the Centerville Head Dam and the Centerville Powerhouse, PG&E
recommended adding 83 additional fish !.o. the CDFG estim, ate, Steitz (1994a).

1992 730 PG&E snorkel survey on June 10, 1992, in the reach from Centerville head Dam to Helltown Bddge (321 live adults);
Centerville Powerhouse to steel bddge (9..1 live adults); steel bddge to covered bridge (259 live adults), Steitz (1992).

1993 650 Snorkel surveys were conducted between September 16 and October 21, 1993. Total count of entire reach from
Centerville Head Dam to Parrott-Phelan Dam was 358 redds, 108 live fish, and 44 carcasses, Brown (1993).

1994 474 PG&e snorkel survey, Steitz (1994b).

1995 7,500 Snorkel Survey was conducted on July 24-26, 1995, in the reach from the centerville Head Dam to Chimney Rock (1270-
2080 live adults, 1 carcass); in reach from Chimney Rock to Centerville Powerhouse (1760-1880 llve adults); reach from
Centerville Powerhouse to covered Bridge (2970-3520 live adults, 1 carcass), Hill (1995). A second snorkel survey was
conducted on Sept. 25, in the reach from the Centerville Head Dam to Chimney Rock (1282 live adults, 208 carcasses,
too many redds to accurately delineate); Sept. 27, in reach from Chimney Rock to Helltown (725 live adults, 174
carcasses, no estimate of redds); Oct. 11, in reach from Centerville Head Dam to natural barder (9 redds); Oct. 12, in
reach from Covered Bridge to Parrott-Phelan Dam (5 live adults, 60 carcasses, 56 redds), Hill (1996a). Estimate was
based upon maximum count of live adults, .during July survey.

1996 1,413 Snorkel survey was conducted from August 19-23, 1996; reach from centervifle Head Dam to Chimney Rock (551-681
live adults): reach from Chimney Rock to Centerville Powerhouse (385-455 live adults); reach from Centerville
Powerhouse to Covered Bridge (242-275 live adults); reach from Covered Bridge to Parroff Phelan Dam (2 live adults);
reach from Parrott-Phelan Dam to Highway 99 (0 adults). Estimate is based upon maximum count of live adults, Hill
(1996b).                                           ,,
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YEAR RUN METHODOLOGYIREFERENCE
SIZE

1997 635 Snorkel survey was conducted from August 18 - September 5, 1997; in reach from natural barrier pool to Chimney Rock
(280-328 live adults. 2 caresses); reach from Chimney Rock to Centerville P~e~ouse (147-1~4 Ib~e adu~s); reach
from centerville Powerhouse to Covered Bridge (143-153 live adults); Covered Bridge to Parroff-Phelan Dam (0 adults).
Estimate is based upon maximum count of live adults, Hill {1997b).
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FEATHER RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1946 2,000 Estimate b,v U.S. Fish and Wildlife ’::ervice based on spawning area surveys and/or aeflal redd counts,.F~ (1961).

1954 3,000 Estimate by California Department of Fish and Game based on spawning area surveys and or/aerial redd counts, Fry
(1961), Fry and Pelrovich (19707.

1955 1,000 Estimate by California Depadment of Fish and Game based on spawning area surveys and or/aerial redd counts, Fry
{1961),. Fr~ and Petrovich (1970).

1956 2,000 Estimate from CDFG redd counts and live fish counts thai 1,000 to 2,000 spring run spawned in Middle Fork, which was
thought to be only a portion of the actual total. In addition, 7 carcasses and 46 live fish were observed in the Nodh Fork
which were identified as spring run, Warner (19571, Fr~ (19~,,.1).       , ,

1957 500 Eslimale from CDFG aerial redd counts and live fish counts that 500 spring run spawned in Middle Fork, Mahoney

1958 3,200 Estimate was based upon CDFG aerial redd counts of the Nodh Fork with 1,000 fall and spdng run, and aerial redd
couuts and two ground surveys of the Middle Fork with 3,200 primarily spdng run with some fall run, CDFG (1959), Fry
(!961)¯                     , ..............

1959 4,000 Estimate from CDFG based upon live counts with 50 spring run In West Branch, based upon aeflal redd counts 3,000
spdng and fall run in Middle Fork, and aerial redd counts with 1,500 spring and fall run in North Fork, Mahoney (1960),

.. Fry (1961).

1960 3,500 CDFG aedal survey identified 2,000 fall and spring run in the North Fork, and 3,500 fish thought to be pdmadly spdng run
in the Middle Fork, Mahoney (1962).... . .

1961 No estimate CDFG aedal redd counts of the Middle Fork found 900 fish with most thought to be fall run, and an aerial survey of the
North Fork with 1,100.fish, .m~s.. t thQught to .b.e fall run, Elwell (1962).

1962 No estimate CDFG aedal redd counts of the Middle Fork found 330 fish with most identified as fall run, and 800 fish in the Nodh Fork,
with most thought to be fall run, Menchen (1963).

1963 600 Based on CDFG aerial redd counts is was estimated that 600 spring run spawned the Middle Fork, and that 4,500 fish,
described as mostly fall run spawned in the main stem below the North .Fork, Menchen (1964).

1964 2,g08 Feather River Hatchery Barrier Dam was put in operation and spdng run were trapped and transpoded above Oroville
Dam,, Menchen (1965}.. .......

1965 738 Sprin~l run were trapped at Feather River Hatchery Barder and transDoded above Orovtlle Dam, Menchen (1966).
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FEATHER RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

...... 1966 297 Spring run were trapped at Feather Riv.gr .Hatchen/Barrier and transported above Oroville Damr Menchen.(l. 967)..

1967 146 A total of 146 adults entered the Feather River Hatchery (FRH) between August 22 and September 1, 1967: Surviving
fish were 81 females and 21 males. Annual Report Feather River Salmon and Steelbead Hatchery, First Year of

....... Operation, 1967-1968. Groh (1970~),Menchen (1968). ,

1968 208 Spring estimate was based upon fish taken into the Feather River Hatchery,with mention that a few fish may have
spawn .ed..i.n the river but no attempt was made to separate them from fall ran, Menchen (1969).

1969 348 Spring estimate was based upon fish taken into the Feather River Hatchery,with mention that a few fish may have
..sp .awned..i.n the river but no attempt was made to s.eparate them from fall run, Menchen (1970)...

1970 235 A total of 235 adults entered the Feather River Hatchery between August 13 and August 25, 1970:153 females and 82
males. Annual Report Feather River Salmon and Steelheed Hatchery 1970-71, Schlicting (1974). Menchen (1972)
mentioned that a..few fish ma~, have sp_aW.n_ed in the river but no attempt was made to separate them, ~from fall run~ ,

1971 481 A total of 484 fish entered Feather River Hatchery between August 30 to August 31, 1971:212 females and 272 males.
Annual Repod Feather River Salmon and Steelhead Hatchery Fillh Year of Operation 1971-1972, Schlicting (1973).
Spdng estimate was based upon fish taken into the Feather River Hatchery, with mention that a few fish may have
spawned in the river but no attempt was made to separate them from fall run, although weekly survey trips were
conducted dudng July and Augu.st, Taylor (19737. .

1972 256 A total of 256 fish entered Feather River Hatchery between September 6 and October 1, 1972: Sundving fish sexed on
Oct 6 - 116 females and 128 males. Annual Repod Feather River Salmon and Steelhead Hatchery 1972.1973,
Schlicting (1976). Spdng estimate was based upon fish taken into the Feather River Hatchery, with mention that a few
fish may have spawned in the river but no attempt was made to separate them horn fall run, although nine weekly survey
tdps were conducted during July and August to evaluate the summer loss of spdng run. Five carcasses were found
dudng the summer surveys and 32 carcasses described as spdng run were found on the first day of the falt run survey,
Taylor .(1974a).                                                   , .....

1973 205 A total of 205 fish entered Feather River Hatchery between Sept 1 to Sept 25, 1973:101 females and 104 males,
Schlicting (1978a). Spring estimate was based upon fish taken into the Feather River Hatchery, with mention that a few
fish may have spawned in the dver but no attempt was made to separate them from fall run, although eight weekly
survey tdps were conducted during July and August to evaluate the summer loss of spdng run. Four carcasses were
found during the summer surveys, Taylor (1974b)~.
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FEATHER RIVER

YEAR RUN METHODOLOGYIREFERENCE
SIZE

1974 198 A total of 198 fish entered Feather River Hatchery between Sept 3 to Sept 5, t974: Surviving fish were sexed on Oct 4.
1974:69 females and 83 males, Schlicting (1978b). Spring estimate was based upon fish taken into the
Feather River Hatchery, with mention that a few fish may have spawned in the river but no attempt
was made to separate them from fall run, although weekly survey trips were conducted during July
and August to evaluate the summer loss of spring run. Eight carcasses were found during thesummer surveys, Taylor. (,19761.

1975 691 A total of 691 fish entered Feather River Hatchery between Sept 2 to Sept 11, 1975: Surviving fish
sexed on Oct 3 - 330 females and 283 males, Schlicting (1978c). Spring estimate was based solely
upon fish taken into the Feather River Hatchery, Hoopaugh (1977).

1976 699 A total of 713 fish entered Feather River Hatchery between Sept 1 to Sept 15, 1976:432 females
and 281 males. Annual Report Feather River Hatchery 1976-77. Spring estimate was based upon
fish taken into the Feather River Hatchery, although a survey trip was conducted on September 22,

. . . 1976, no carcasses were observed, Hoop.a.ugh (19787.

1977 185 A total of 121 fish entered Feather River Hatchery between August 24 to August 30. The ladder
was opened again September 16, 1977 and 73 fish entered that day. Total fish entering the
hatchery was 194:116 females and 78 males, Schlicting (1982a). Spdng estimate was based
upon fish taken into the Feather River Hatchery, H.oopaugh (1979)...

1978 202 A total of 202 fish entered Feather River Hatchery between September 6 to October 10, 1978.
The surviving fish were sexed on October 2, 1978:112 females and 90 males. Only 32 females
were successfully spawned from October 2 through October 30, 1978, Schlicting (1982b).
Surveys were conducted on October 9 and 23, with two carcasses recovered in the spawning
channel on October 23, with the remainder of the fish identified as spring run having entered
Feather River Hatchery, (Knut.son 1980).

1979 250 250 fish entered Feather River Hatchery Sept 4 to Sept 28, 1979:167 females and 83 males,
Schlicting (1982c). Spring estimate was based upon fish taken into the Feather River Hatchery,
(Reavis 198 la).
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FEATHER RIVER

YEAR RUN METHODOLOGY/REFERENCE
SIZE

1980 669 The total run entering the Feather River Hatchery was recorded as 269 fish with an estimated 400
fish spawning in the river. Twenty six CWT spring run from FRH were recovered during the weekly
sprin~l run river surveys, (Reavis 1981b).

1981 1000 Spring run estimate was based upon fish taken into the Feather River Hatchery (469) and the
assumption that an equal number spawned in the river, although no surveys were made of the river,
(Reavis 1983).                                  .,..

1982 1,910 Spring run were identified as those that entered the Feather River Hatchery between September 1,
when the ladder was opened, and October 1. Coded wire tags taken from fish identified as spdng
run were shown to include some were marked as fall run. It was estimated that an additional 90
spring run spawned in the river with no basis given for how the estimate was derived, (Reavis
1986a).                                      . ....

1983 1,702 Spring run estimate was based solely upon fish which entered Feather River Hatchery from
S.eptember 1 to 30, 1983, with no estimate for the dyer, (Reavis 1986b).

1984 1,562 Spring run estimate was based solely upon fish which entered Feather River Hatchery from
September I to 30, 1984, with n.o. estimate for the river, (Kano, et al. 1996).

1985 1,632 Spring run estimate was based solely upon fish which entered Feather River Hatchery from
September 1 to 30, 1985, with no estimate for the river. Two salmon which were tagged (CWT) as
spring run were recovered in the river during the early fall run surveys, (Kano and Reavis 1996).

1986 1,433 Spring run estimate was based solely upon fish which entered Feather River Hatchery from
September 1 to 30, 1986, with no estimate for the river, (Ka.no and Reavis 1997a).

1987 1,213    Spring run estimate was based solely upon fish which entered Feather River Hatchery from
September 2 to 30, 1987, with no estimate for the ...river, (Kano and Reavis ,1997b).

1988 6,833 Spring run estimate was based solely upon fish which entered Feather River Hatchery from
September 7 to October 1, 1988, with no estimate for the river, (Schlicting 1991).
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YEAR RUN METHODOLOGYIREFERENCE
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1989 5,078 Spring ru~ estimate was based solely upon fish which entered Feather River Hatchery between
September 7 and October 1, !.989, (Sch!icting 1993a).

1990 1,893 Spring run estimate was based solely upon fish which entered Feather River Hatchery between
September 7 and October 1, 1990, (Schlicting 1993b).

1991 3,448 Spring run estimate was based solely upon fish which entered Feather River Hatchery between
September 7 and Oc.tober 1, 1991, (Schlic!i~g 1993c). ..

lu92 1,497 Spring run estimate was based on spring run entedng the Feather River Hatchery. The ladder was
.. opened Sept .8 no closing date given,. (Meyer 19937.

1993 4,885 Spring run estimate was based on fish entering the Feather River Hatchery. The ladder was
opened on Sept 7 no closing d.ate given, (Meyer 19947.

1994       3,489 spring run estimate was based on fish entering the Feather River Hatchery. The ladder was
opened on Sept 6 no closing date given,. Meyer (19957.         , ....

1995 5,414 Spdng run estimate was based on fish entering the Feather River Hatchery. The ladder was
opened on September 11 and closed Sept 22 when the holding pond capacity was reached Meyer
(19967.                                                 .,.

1996 6,03~1 Spdng run estimate was based on fish entering the Feather River Hatchery. The ladder was
opened Sept 9 rio closing date given. Spring run estimate was based on fish entering the FRH.
The ladder was opened Sept 9 no closing date given, Meyer (1997)..
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YUBA RIVER

YEAR RUN METHODOLOGWREFERENCE
SIZE

1961 No The Yuba is known to have had spring run but no estimate of its size has been made. This run has
estimate virtually disappeared, Fry (1961)

1969 No CDFG states that "it is felt that run is extinct, but there should be a fudher examination of the river
estimate system", Menchen (1970). ...

1972 No CDFG repods that residents observed a few spring-run salmon below Englebdght Dam but no
estimate estimate was made, Tay!.or (1974a).

1 .~80 200 CDFG survey found 14 coded wire tagged Feather River Hatchery spring run and estimated that
200 Feather River spring run had spawned in the Yuba, Reavis (1981b).

1981 200 CDFG made estimate with no supporting surveys or other information, Reavis (1986a).

1982 No CDFG reports that spring run were observed negotiating the Daguerre Point Dam fish ladder in May
estimate and June, however no surveys or estimates were made, Reavis (,!.984).

1983 No U.S. Corps of Engineers personnel observed spring run negotiating the Daguerre Point Dam fish
estimate ladder in May and June, however no surveys or estimates were made, Preston (1984), Reavis

(1986a).

1984 No Spring run were observed below Daguerre Point Dam in late April and eady May, Preston (1985).
estimate

1985 No Survey was made of reach from mouth of Deer Creek to the Highway 20 bridge on October 9, 1985,
estimate during which 4 dead salmon, 50 live salmon and 50 redds were observed. No estimate for spring

was made because of uncedainty of distinguishing spring run from fall run, Kano and Reavis (1996).

1986 No Seven salmon were counted passing the dam dudng the spring run migration pedod, however no
estimate other surveys or estimates made although comment was made that the run is believed to be

maintaininq itself at 100-200 adults, Preston (1987), Kano and Reavis (~997a).
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1988 No Spring run were observed during the summer, but could not be separated from fall run during the
estimate subsequent survey, Meyer (1989)... ..

1989 No Survey was conducted on October 6, 1989 during which 140-160 multiple redds, and 150 live fish,
estimate Faustini (1990).

1997 No CDFG personnel observed fish at Daguerre Point Dam during April and May, and redds near the
estimate Highway 20 bridge on September 24, 1997, Nelson (1997). In addition, carcasses were observednear Englebright Dam, Hill (1997b/.’
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27.80. Salmon.

I~) Methods of take:) General Provisions. Only by angling as defined in Section 1.05. No sinkers or
weights exceeding four pounds may be used, except that a fishing line may be attached to a
sinker or weight of any size if such sinker or weight is suspended by a separate line and the
fishing line is released automatically by a mechanical device from the sinker or weight when any
fish is hooked. See sections 1.74, 28.65 and 28.70.

(2) Hook Restrictions. Only single point, single shank barbless hooks may be used to
take salmon in the ocean north of Point Conception (34°27’00" N. lat.). VVhen fishing with bait in
the ocean between Home Mountain (40o05’00’’ N. iat.) and Point Conception after June 30, no
more than two hooks may be used with any combination of weights measuring one pound or ¯
less. When using two hooks, the terminal (lower) hook must be no less than 3!4 inch when
measured from the hook point to the shank and the upper hook no less than 518 inch when
measured from the hook point to the shank; the distance between the two hooks must not ¯
exceed five inches, and both hooks must be permanently tied in place (hard tied). When using a
single hook, the hook size cannot be less than 3/4 inch when measured from the hook point to
the shank.

EXCEPTION: Hook size restrictions do not apply when artificial lures are used or when I
bait is attached to an artificial lure (a man-made lure designed to attract fish, not including
scented or flavored baits).

(3) One Rod Restriction north of Point Conception. Salmon may be taken by angling with
no more than one rod in ocean waters north of Point Conception. See section 28.65.

(b) Season:
(1) South of Pigeon Point. All waters of the ocean south of Pigeon Point (37°11’00" N. ¯

lat.) are open to salmon fishing from the Saturday nearest March 1 through August 25 (Note: In
1997, the season will open on March 15).

(2) Between Point San Pedro and Pigeon Point. All waters of the ocean between Point
San Pedro (37035’40’’ N. lat.) and Pigeon Point are open to fishing from the Saturday nearest I
March 1 through August 25 (Note: In 1997, the season will open on the Saturday nearest April

(3) Between Point Arena and Point San Pedro. All waters of the ocean and San
Francisco Bay District between Point Arena (38057’30’’ N. iat.) and Point San Pedro are open to
salmon fishing from the Saturday nearest March 1 through October 14 (Note: In 1997, the
season will open on the Saturday nearest April 1). ¯

(4) Between Horse Mountain and Point Arena. All waters of the ocean between Horse
Mountain and Point Arena are open to salmon fishing from the Saturday nearest February 15
through July 7 and August I through the Sunday nearest November 15.

(5) North of Home Mountain and Humboldt Bay. All waters of the ocean north of Horse
Mountain and Humboldt Bay are open to salmon fishing from May 12 through July 7 and August
18 through September 21.

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the
north by 41 °38’48" N. lat. (approximately 6 nautical miles north of the Klamath River mouth), on
the south by 41 °26’48" N. lat. (approximately 6 nautical miles south ot the Klamath River mouth),
and extending 3 nautical miles offshore is closed to salmon fishing.

!
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(c) Limit:
(1) North of Home Mountain: One salmon per day, and no more than four fish in seven

consecutive days (See subsection (c)(3) below).
(2) South of Horse Mountain: Two salmon per day (See subsection (c)(3) below).
(3) Statewide Silver Salmon Restrictions: No silver salmon may be retained after April 30,

1996, except in those areas south of Point Arena from their respective openings of the 1997
ocean salmon seasons through April 30, 1997 (Note: In early 1997, the Pacific Fishery
Management Council will evaluate silver salmon abundance to determine if the take of silver
salmon south of Point Arena will be prohibited in 1997 through April 30. If the retention of silver
salmon is prohibited south of Point Arena, the Department shall notify the Commission and the
public via available news media of any changes in the provisions of subsection (c)(3) above).

(d) Minimum size:
(1) North of Home Mountain: Twenty inches total length.
(2) Home Mountain to Point Arena: Twenty-four inches total length.
(3) South of Point Arena: Twenty-four inches total tength through July 14 and twenty-six

inches total length thereafter.
NOTE
Authority cited: Sections 200, 202, 205, 220, 240, 2084 and 7891, Fish and Game Code.
Reference: Sections 200, 202, 205 and 2084, Fish and Game Code.

i

I
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1997 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS

27.80. Salmon.
(a) Methods of take:

(1) General Provisions. Only by angling as defined in Section 1.05. No sinkers or weights
exceeding four pounds may be used, except that a fishing line may be attached to a sinker or
weight of any size if such sinker or weight is suspended by a separate line and the fishing line is
released automaticallyby mechanical device from the sinker or weight when any fish isa
hooked. See sections 1.74, 28.65 and 28.70.

(2) Barbless Hooks. Only single point, single shank barbless hooks may be used to take
salmon in the ocean north of Point Conception (34°27’00’’ N. let.).

(3) Other Hook Restrictions. VVhen fishing with bait in the ocean between Horse
Mountain (40o05’00" N. let.) and Point Conception after April 30, no more than two hooks may
be used with any combination of weights measuring one pound or less. VVhen using two hooks,
the terminal (lower) hook must be no less than 3/4 inch when measured from the hook point to
the shank and the upper hook no less than 5/8 inch when measured from the hook point to the
shank; the distance between the two hooks must not exceed five inches when measured from
the top of the eye of the top hook to the inner base of the curve of the lower hook, and both
hooks must be permanently tied in place (hard tied). When using a single hook, it must be no
less than 3/4 inch when measured from the hook point to the shank. Beginning September 2,
1997 and thereafter, no more than two hooks may be used per line; and all hooks must be
barbless circle hooks which are defined as a hook with a generally circular shape, and a point
which turns inward to the shank at approximately a 90° angle.

EXCEPTION: Subsection (a)(3) does not apply in the ocean between Point Reyes
(37059’44’’ N. let.) and Pigeon Point (37°11’00" N. let)from July 1 through September 1, or when
artificial lures are used or when bait is attached to an artificial lure. Artificial lures include, but
are not limited to, any lure constructed with a lead head, metal bars, or spoons designed to
attract fish. Artificial lures do not include "J" hooks with only beads, yarn, feathers, and bait
attached, including scented and flavored baits.

(4) One Rod Restriction north of Point Conception. Salmon may be taken by angling with
no more than one rod in ocean waters north of Point Conception. See section 28.65.

(b) Season:
(1) South of Pigeon Point. All waters of the ocean south of Pigeon Point are open to

salmon fishing from March 15 through October 19 (Note: In 1998, the season will open on March
14, the Saturday nearest March 15).

(2) Between Point Arena and Pigeon Point. All waters of the ocean between Point Arena
(38057’30’’ N. let.) and Pigeon Point are open to fishing from March 29, the Saturday nearest
April 1, through November 2 (Note: In 1998, the season will open on March 28, the Saturday
nearest April 1, except for the waters of the ocean inshore of a straight line drawn from Bolinas
Point (Marin County) south to Duxbury Buoy, then to Channel Buoy #1, then to Channel Buoy
#2, then to Point San Pedro (San Mateo County), and including all of San Francisco and San
Pablo bays between the Golden Gate Bddge and the Carquinez Bridge including the entrance
area from the Golden Gate Bridge to Seal Rocks to Point Bonita which are closed to salmon
fishing from March 28 through March 31).

(3) Between Horse Mountain and Point Arena. All waters of the ocean between Horse
Mountain and Point Arena are open to salmon fishing from the Saturday nearest February 15
through July 6 and August 1 throug~- November 16, the Sunday nearest November 15 (Note: In
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1998, the season will open on February 14, the Saturday nearest February 15).
(4) North of Horse Mountain and Humboldt Bay. All waters of the ocean north of Horse

Mountain and Humboldt Bay are open to salmon fishing from May 24 through May 30, June 17
through July 6, and August 12 through September 14.

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the
north by 41 °38’48" N. lat. (approximately 6 nautical miles north of the Klamath River mouth), on
the south by 41 °26’48" N. lat. (approximately 6 nautical miles south of the Klamath River moutl~),
and extending 3 nautical miles offshore is closed to salmon fishing between August 12 and
August 31.

(c) Limit:
(1) North of Horse Mountain: One salmon per day, and no more than four fish in seven

consecutive days (See subsection (c)(3) below).
(2) South of Horse Mountain: Two salmon day (See subsection (c)(3) below andper

section 1.17). From July 1 through September 1, between Point Reyes and Pigeon Point, the
limit is the first two fish taken (see EXCEPTION under subsection (d)(2) below).

(3) Statewide Silver Salmon Restrictions: No silver salmon may be retained.
(d) Minimum size:
(1) North of Horse Mountain; Twenty inches total length.
(2) South of Horse Mountain: Twenty-four inches total length.
EXCEPTION: Between Point Reyes and Pigeon Point, from July 1 through September 1,
there is no minimum size.

NOTE
Authority cited: Sections 200, 202,205,220, 2084 and Fish and Game Code.240, 7891,
Reference: Sections 200, 202, 205 and 2084, F=sh and Game Code
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APPENDIX C,3

1998 CALIFORNIA OCEAN SALMON SPORT FISHING REGULATIONS

27.80. Salmon.
Methods of take:

I~I General Provisions. Only by angling as defined in Section 1.05. No sinkers or
weights exceeding four pounds may be used, except that a fishing line may be attached to a
sinker or weight of any size if such sinker or weight is suspended by a separate line and the
fishing line is released automatically by a mechanical device from the sinker or weight when any
fish is hooked. See sections 1.74, 28.65 and 28.70.

(2) Barbless Hooks. Only single point, single shank barbless hooks may be used to take
salmon in the ocean north of Point Conception (34o27’00’’ N. iat.).

(3) Other Hook Restrictions. VVhen fishing with bait in the ocean between Horse
Mountain (40o05’00’’ N. lat.) and Point Conception, if angling by any other means than trolling,
then no more than two (2) single point, single shank, barbless circle hooks shall be used. The
distance between the two hooks must not exceed five inches when measured from the top of the
eye of the top hook to the inner base of the curve of the lower hook, and both hooks must be
permanently tied in place (hard tied). A circle hook is defined as a hook with a generally circular
shape, and a point which turns inwards, pointing directly to the shank at a 90 degree angle.
Trolling is defined as angling from a boat or floating device that is making way by means of a
source of power, other than drifting by means of the prevailing water current or weather
conditions. See Section 28.65.

(4) One Rod Restriction north of Point Conception. Salmon may be taken by
angling with no more than one rod in ocean waters north of Point Conception. See Section
28.65.

(b) Season:
(1) South of Pigeon Point. All waters of the ocean south of Pigeon Point are open to

salmon fishing from March 14 through September 7 (Note: in 1999, the season will open on
March 13, the Saturday nearest March 15).

(2) Between Point Arena and Pigeon Point. All waters of the ocean between Point Arena
and Pigeon Point are open to fishing from March 28, the Saturday nearest April 1, through
November 1 (Note: in 1999, the season will open on March 27, the Saturday nearest Apdl 1,
except for the waters of the ocean inshore of a straight line drawn from Bolinas Point (Madn
County) south to Duxbury Buoy, then to Channel Buoy #1, then to Channel Buoy #2, then to
Point San Pedro (San Mateo County), and including all of San Francisco and San Pablo bays
between the Golden Gate Bridge and the Carquinez Bridge including the entrance area from the
Golden Gate Bridge to Seal Rocks to Point Bonita which are closed to salmon fishing from
March 27 through March 31.

(3) Between Horse Mountain and Point Arena. All waters of the ocean between Horse
Mountain and Point Arena are open to salmon fishing from February 14, the Saturday nearest
February 15, through July 5 and August 1 through November 15, the Sunday nearest
November 15 (Note: In 1999, the season will open on February 13, the Saturday nearest
February 15).

(4) North of Horse Mountain and Humboldt Bay. All waters of the ocean north of Horse
Mountain and Humboldt Bay are open to salmon fishing from May 23 through June 10, June 21
through July 5, and August 11 through September 13.

EXCEPTION: The ocean area surrounding the Klamath River mouth bounded on the
north by 41 °38’48" N. lat. (approximately 6 nautical miles north of the Klamath River mouth), on
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the south by 41 °26’48" N. lat. (approximately 6 nautical miles south of the Klamath River mouth),
and extending 3 nautical miles offshore is closed to salmon fishing between August 11 and

I August 31.
(c) Limit:
(1) North of Home Mountain: One salmon per day, and no more than four fish in seven

i consecutive days (See subsection (c)(3) below).
(2) South of Home Mountain: Two salmon per day (See subsection (c)(3) below and

Section 1.17). From July 1 through September 7, between Point Arena and Pigeon Point, the

i limit is the first two fish taken (see EXCEPTION under subsection (d)(2) below).
(3) Statewide Silver Salmon Restrictions: No silver salmon may be retained.
(d) Minimum size:
(1) North of Home Mountain: Twenty inches total length.

I (2) South of Home Mountain: Twenty-four inches total length.
EXCEPTION: Between Point Arena and Pigeon Point, from July 1 through September 7,
them is no minimum size.

I NOTE
Authority cited: Sections 200,202, 205, 220, 240, 2084 and 7891, Fish and Game Code.
Reference: Sections 200, 202, 205 and 2084, Fish and Game Code.
Section 28.65, Title 14, CCR, is amended to read:

I
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1996 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS

Section 182. Commercial Salmon Fishing.
Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and

8215 of said Code are made inoperative for the period May 1, 1996 through April 30, 1997 and
the following regulations are adopted, such regulations to be effective May 1, 1996 through April
30, 1997 and at midnight on April 30, 1997 are repealed. Upon expiration of these regulations in

district or portion thereof, Section 8210.2 and 8215 of the Fish and Game Code shallany
become effective in such districts or portions of districts.

(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except as modified in subsection (c),
no king (chinook) salmon may be possessed that is less than 26 inches in length from May 1,
1996 through June 30, 1996 and from April 15, 1997 through April 30, 1997, and that is less
than 27 inches in length from July 1, 1996 through September 30, 1996, such length to be
measured from the tip of the snout to the extreme tip of the tail without resorting to any force
other than swinging or fanning the tail. Salmon may be taken only by hook and line.

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single barbless hooks may be used to
take salmon. Single barbless hook means a hook with a single shank and point, with no
secondary point or barb curving or projecting in any other direction. Hooks manufactured with
barbs can be made "barbless" by removing or completely closing the barb.

(c) Frozen salmon may be possessed in a dressed, head-off condition, subject to the
following minimum size limit: king salmon, 19-1/2" in dressed, head-off length when salmon no
less than 26 inches total length may be possessed and 20-1/4" in dressed, head-off length when
salmon no less than 27 inches total length may be possessed. Dressed, head-off length is the
distance measured along the lateral line between the mid-point of the clavicle arch and the fork
of the tail.

(d) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, no more than six troll lines may be used
on any commercial salmon fishing vessel.

(e) In Districts 10, 11, 16, 17, 18, and 19, south of Point Reyes (37°59’44.’’ N. lat.), under
the authority of a commercial fishing license, all salmon other than silver salmon, may be taken
from May 1 through June 30 and July 3 through September 15.

(f) In Districts 10 and 11, between Bodega Head (38°17’58’’ N. let.) and Point San Pedro,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from September 16 through September 30.

(g) In Districts 7, 10, and 11, between Point Arena (38°57’30’’ N. let.) and Point Reyes,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from June 1 through June 30 and August 1 through September 15.

(h) In District 7, between Point Arena and Home Mountain (40°05’00’’ N. let.), under the
authority of a commercial fishing license, all salmon other than silver salmon, may be taken from
August 1 through September 30.

(i) In Districts 18 and 19, between Point Lopez (36°01’15’’ N. let.) And Point Mugu
(34°05’12’’ N. let.), under the authority of a commercial fishing license, all salmon other than
silver salmon, may be taken from April 15 through Apdl 28, or the date the Regional Director of
the NMFS determines that a total of 10,000 king salmon will be taken.

(j) In Districts 6 and 7, between the California/Oregon Border (42°00’00’’ N. let.) And
Humboldt South Jetty (40045’53’’ N. let.), under the authority of a commercial fishing license, all
salmon other than silver salmon, may be taken from August 15 through August 31 or the date
the Regional Director of the NMFS determines that a total of 2,500 king salmon will be taken,
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and from September 1 through September 15 or the date the Regional Director of the NMFS
determines that a total of 6,000 king salmon will be taken. All salmon taken in this area at this
time must be landed within the area and no more than 30 salmon per day may be landed.

(k) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any person on a vessel
with an ocean salmon permit from any state having salmon on board to have troll fishing gear in
the water during those times that commercial salmon fishing is prohibited.

(I) Troll fishing gear is defined as one or more lines that drag hooks with bait or lures
behind a moving fishing vessel.

(m) In District 6, no salmon may be taken for commercial purposes in State waters off the
mouth of the Klamath River within an area bounded on the north by 41 °38’48" N. lat.
(approximately 6 nautical miles north of the Klamath River mouth) and on the south by 41 °26’48"
N. lat. (approximately 6 nautical miles south of the Klamath River mouth).

(n) It is unlawful for any person to take or take and retain any species of salmon in
districts 6, 7, 10, 11, 16, 17, 18, and 19: I) during closed seasons or in closed areas, except that
legally caught salmon may be landed in closed areas unless otherwise prohibited by these
regulations; ii) while possessing on board any species of salmon not allowed to be taken in the
area at the time; iii) by means other than hook and line.

(o) All other provisions, exceptions and restrictions for commercial salmon fishing off
California are described in Title 50-Code of Federal Regulations, Part 661 and apply to State
waters as in effect May 1, 1996.
NOTE
Authority: Section 7652, Fish and Game Code,
Reference: Sections 1700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish
and Game Code; Title 50, Code of Federal Regulations, Part 661.
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APPENDIX C-5

1997 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS I
Section 182. Commercial Salmon Fishing.

Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and
8215 of said Code are made inoperative for the pedod May 1, 1997 through Apdl 30, 1998 and
the following regulations are adopted, such regulations to be effective May 1, 1997 through April
30, 1998 and at midnight on April 30, 1998 are repealed. Upon expiration of these regulations in
any distdct or portion thereof, Section 8210.2 and 8215 of the Fish and Game Code shall ¯
become effective in such districts or portions of districts.

(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except as modified in subsection (c),
no king (chinook) salmon may be possessed that is less than 26 inches in length from May 1, II
1997 through September 30, 1997, such length to be measured from the tip of the snout to the
extreme tip of the tail without resorting to any force other than swinging or fanning the tail.
Salmon may be taken only by hook and line. Jl

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single barbless hooks may be used to
take salmon. Single barbless hook means a hook with a single shank and point, with no
secondary point or barb curving or projecting in any other direction. Hooks manufactured with
barbs can be made "barbless" by removing or completely closing the barb.

(c) Frozen salmon may be possessed in a dressed, head-off condition, subject to the
following minimum size limit: king salmon, 19-1/2" in dressed, head-off length when salmon no
less than 26 inches total length may be possessed. Dressed, head-off length is the distance ¯
measured along the lateral line between the mid-point of the clavicle arch and the fork of the tail.

(d) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, no more than six troll lines may be used
on any commercial salmon fishing vessel.

(e) In Districts 10, 11, 16, 17, 18, and 19, south of Point San Pedro (37o35’40’’ N. lat.),
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from May 1 through May 31, June 23 through July 18, and September 1 through il
September 30.

(f) In Districts 10 and 11, between Point Reyes (37°59’44’’ N. lat.) and Point San Pedro,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from July 1 through September 30. ¯

(g) In Districts 10 and 11, between Point Arena (38°57’30’’ N. lat.) and Point Reyes,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from July 1 through September 30.

(h) In District 7, between Point Arena and Horse Mountain (40o05’00’’ N. lat.), under the
authority of a commercial fishing license, all salmon other than silver salmon, may be taken from
September 1 through September 30.

(i) In Districts 18 and 19, between Point Lopez (36°01’15’’ N. lat.) and Point Mugu
(34°05’12" N. lat.), under the authority of a commercial fishing license, all salmon other than
silver salmon, may be taken from April 15 through April 28, or the date the Regional Director of
the NMFS determines that a total of 10,000 king salmon will be taken.

(j) In Districts 6 and 7, between the California/Oregon Border (42000’00’’ N. lat.) And
Humboldt South Jetty (40045’53’’ N. lat.), under the authority of a commercial fishing license, all
salmon other than silver salmon, may be taken from September I through September 30 or the
date the Regional Director of the NMFS determines that a total of 6,000 king salmon will be
taken. All salmon taken in this area at this time must be landed within the area and no more
than 30 salmon per day may be landed.
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(k) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any person on a vessel
with an ocean salmon permit from any state having salmon on board to have troll fishing gear in
the water during those times that commercial salmon fishing is prohibited.

(I) Troll fishing gear is defined as one or more lines that drag hooks with bait or lures
behind a moving fishing vessel.

(m) In District 6, no salmon may be taken for commercial purposes in State waters off the
mouth of the Klamath River w~thin an area bounded on the north by 41 °38’48" N. lat.
(approximately 6 nautical miles north of the Kiamath River mouth), on the west by 124°23’00" W.
long. (approximately 12 nautical miles off shore), and on the south by 41 °26’48" N. lat.
(approximately 6 nautical miles south of the Klamath River mouth).

(n) It is unlawful for any person to take or take and retain any species of salmon in
districts 6, 7, 10, 11, 16, 17, 18, and 19: I) during closed seasons or in closed areas, except that
legally caught salmon may be landed in closed areas unless otherwise prohibited by these
regulations; ii) while possessing on board any species of salmon not allowed to be taken in the
area at the time; iii) by means other than hook and line.

(o) All other provisions, exceptions and restrictions for commercial salmon fishing off
California are described in Title 50-Code of Federal Regulations, Part 661 and apply to State
waters as in effect May 1, 1997.
NOTE
Authority: Section 7652, Fish and Game Code.
Reference: Sections 1700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish
and Game Code; Title 50, Code of Federal Regulations, Part 661.

I
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APPENDIX C-6

1998 CALIFORNIA OCEAN SALMON COMMERCIAL FISHING REGULATIONS

182. Commercial Salmon Fishing.
Under the authority of Section 7652 of the Fish and Game Code, Section 8210.2 and

8215 of said Code are made inoperative for the period May 1, 1998 through Apdi 30, 1999 and
the following regulations are adopted, such regulations to be effective May 1, 1998 through
April 30, 1999 and at midnight on April 30, 1999 are repealed. Upon expiration of these
regulations in any district or portion thereof, Section 8210.2 and 8215 of the Fish and Game
Code shall .become effective in such districts or portions of districts.

king(a) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, and except as modified in subsection (c),no (chinook) salmon may be possessed that is less than 26 inches in length from May 1,
1998 through September 30, 1998, such length to be measured from the tip of the snout to the
extreme tip of the tail without resorting to any force other than swinging or fanning the tail.
Salmon may be taken only by hook and line.

(b) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, only single barbless hooks may be used
to take salmon. Single barbless hook means a hook with a single shank and point, with no
secondary point or barb curving or projecting in any other direction. Hooks manufactured with
barbs can be made "barbless" by removing or completely closing the barb.

(c) Frozen salmon may be possessed in a dressed, head-off condition, subject to the
following minimum size limit: king salmon, 19-1/2" in dressed, head-off length when salmon no
less than 26 inches total length may be possessed. Dressed, head-off length is the distance
measured along the lateral line between the mid-point of the clavicle arch and the fork of the
tail.

(d) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, no more than six troll lines may be used
on any commercial salmon fishing vessel.

(e) In Districts 18, and 19, south of Point Sur (38°18’00" N. lat.), under the authority of a
commercial fishing license, all salmon other than silver salmon, may be taken from May 1
through September 30.

(e_f) In Districts 10, 11, 16, 17, and 18 between Point San Pedro (37035’40’’ N. lat.) and
Point Sur, under the authority of a commercial fishing license, all salmon other than silver
salmon, may be taken from May 1 through May 31, June 16 through September 30.

(g) In Districts 10 and 11, between Point Reyes (37°59’44’’ N. lat.) and Point San Pedro,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from July 1 through September 30.

I
Appendix C Page 12

I

D--025243
D-025243



(h) In Districts 10, and 11, between Point Arena (38°57’30’’ N. lat.) and Point Reyes,
under the authority of a commercial fishing license, all salmon other than silver salmon, may be
taken from August 1 through September 30 with exception of a test fishery between Fort Ross
(38o31’00’’ N. lat.) and Point Reyes for July 5 thru eadier of July 31 or an overall 3,000 chinook
quota. Season to be opened as follows: July 5 thru eadier of July 11 or 1,000 chinook quota;
July 12 thru eadier of July 18 or 1,000 chinook quota; and July 19 thru eadier of July 25 or the
lesser of a 1,000 chinook quota or the remainder of the overall 3,000 chinook quota. If
sufficient overall quota remains, the fishery will reopen on July 26 thru the eadier of July 31 or
achievement of the overall quota. Open only inside 6 nautical miles. Landing limit of no more
than 30 fish per day. All fish caught in this area must be landed in Bodega Bay within 24 hours
of each closure. Open only inside 6 nautical miles. Fish taken outside the test fishery may
not be landed at Bodega Bay during the time authorized for test fishery landings.

(i) In District 7, between Horse Mountain (40°05’00" N. lat.) and Point Arena, under the
authority of a commercial fishing license, all salmon other than silver salmon, may be taken
from September I through September 30.

(j) In Districts 6 and 7, between the California/Oregon Border (42o00’00’’ N. lat.)and
Humboldt South Jetty (40045’53’’ N. iat.), under the authority of a commercial fishing license, all
salmon other than silver salmon, may be taken from September I through September 30 or the
date the Director of the NMFS determines that a total of 6,000 king salmon will beRegional
taken. All salmon taken in this area at this time must be landed within the area and no more
than 30 salmon per day may be landed.

(k) In Districts 6, 7, 10, 11, 16, 17, 18, and 19, it is unlawful for any person on a vessel
with an ocean salmon permit from any state having salmon on board to have troll fishing gear in
the. water dudng those times that commercial salmon fishing is prohibited.

(I) Troll fishing gear is defined as one or more lines that drag hooks with bait or lures
behind a moving fishing vessel.

(m) In District 6, no salmon may be taken for commercial purposes in State waters off
the mouth of the Klamath River within an area bounded on the north by 41 °38’48" N. lat.
(approximately 6 nautical miles north of the Klamath River mouth), on the west by 124023’00"
W. long. (approximately 12 nautical miles off shore), and on the south by 41 °26’48" N. lat.
(approximately 6 nautical miles south of the Klamath River mouth).

(n) It is unlawful for any person to take or take and retain any species of salmon in
Districts 6, 7, 10, 11, 16, 17, 18, and 19: i)during closed seasons or in closed areas, except
that legally caught salmon may be landed in closed areas unless otherwise prohibited by these
regulations; ii) while possessing on board any species of salmon not allowed to be taken in the
area at the time; iii) by means other than hook and line.

(o) All other provisions, exceptions and restrictions for commercial salmon fishing off
are described in Title 50-Code of Federal Regulations, Part 661 and apply to StateCalifornia

waters as in effect May 1, 1998.
NOTE
Authority: Section 7652, Fish and Game Code.
Reference: Sections 1700, 7600, 7650, 7652, 7652.1, 7652.2, 7652.3, 8210.2, and 8215, Fish
and Game Code; Title 50, Code of Federal Regulations, Part 661.
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Inland Sport Fishing Regulations

The following general description of inland sport fishing regulations, which either afford
protection for, or in some way affect Sacramento Valley stocks of spring-run chinook salmon is
taken from the California Sport Fishing Regulations, effective March 1, 1998 through February
28, 2000.

Shest~ and Tehama Counties: Within Shasta and Tehama Counties there is a general
restriction which prevents the take of salmon at any time in any tributary of the Sacramento
River which enters the Sacramento River below Keswick Dam in Shasta and Tehama counties.
This general restriction affects several spring-run salmon tributaries with existing or potentially
restorable populations and includes Clear Creek, Battle Creek, Cottonwood Creek, Antelope
Creek, Mill Creek, and Deer Creek. Additionally, for the above mentioned tributaries, and which
are not covered under special restrictions as listed below, fishing is permitted from the last
Saturday in April through November 15, with the general restriction of no take of salmon at any
time.

Sacramento River. Special restrictions in effect on the Sacramento River which provide
protection for spring-run salmon are as follows:

(1) The Sacramento River from Keswick Dam to 650 feet below Keswick Dam is closed
to all fishing all year.

(2) The Sacramento River from 650 feet below Keswick Dam to the Deschutes Road
bridge is open all year with barbless hooks only, with a daily bag and possession limit of
0 salmon. Additionally, during the period January 1 through August 15, any lure having
a total length over 2.25 inches is prohibited, and no incidentally hooked salmon may be
removed from the water.

(3) The Sacramento River from the Deschutes Road Bridge to Bend Bridge
(approximately 5 miles upstream from the town of Red Bluff) is open to fishing from
August 1 through January 14, with a daily bag and possession limit of two salmon.
From January 15 through July 31 the daily bag and possession limit is 0 salmon.

(4) The Sacramento River from 500 feet upstream from Red Bluff Diversion Dam to
1,375 feet below the Dam is closed to all fishing all year.

(5) The Sacramento River from Bend Bridge (approximately 5 miles upstream from the
town of Red Bluff) to the Carquinez Bridge (includes Suisun Bay, Grizzly Bay and all
tributary sloughs) is open from July 16, through January 14, with a daily bag and
possession limit of 2 salmon. From January 15 through July 15, the daily bag and
possession limit is 0 salmon.
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I Batt/e Creek: Battle Creek from the mouth at the Sacramento River to Coleman Fish Hatchery
Weir is closed to all fishing all year, except when the Department determines that the total
number of steelhead passing Red Bluff Diversion Dam from July 1 through September 30

I exceeds 1200. When the number of steelhead passing Red Bluff Diversion Dam exceeds the
specified number, Battle Creek is open to fishing from the mouth to the Coleman Hatchery Weii"
from October 5 from 250 Feet upstream from the Coleman National Fish Hatchery to the
Coleman Powerhouse is open to fishing from the last Saturday in April through September 30,
while the daily bag and possession limit is 0 salmon as imposed by the special restriction for
Shasta and Tehama Counties. Battle Creek in the remainder of the existing and potential

I spring-run salmon habitat is open to fishing from the last Saturday in April to November 15, with
a daily bag and possession limit of 0 salmon as imposed by the special restriction for Shasta
and Tehama Counties.

~

I Antelope Creek: Antelope Creek from confluence with North Fork downstream to the U.S.
Geological Survey gauging station cable crossing at the mouth of Antelope Creek Canyon is
open to fishing from the last Saturday in April through November 15. Only artificial lures withI barbless hooks be used while the and limit is 0 salmon.may daily bag possession Antelope
Creek from the U.S. Geological Survey gauging station cable crossing at the mouth of Antelope
Creek Canyon downstream to the mouth of Antelope Creek at the Sacramento River is open to

I fishing from June 16 through September 30, with no special restrictions, while the dailygear
bag and possession limit is 0 salmon.

Mill Creek: Mill Creek from the Lassen National Park boundary downstream to the U.S.
Geological Survey gauging station cable crossing at the mouth of Mill Creek Canyon is open to
fishing from the last Saturday in April through November 15, with a gear restriction of artificial

I lures and barbless hooks, and a daily bag and possession limit of 0 salmon. Mill Creek from
the U.S. Geological Survey gauging station cable crossing at the mouth of Mill Creek Canyon
downstream to the mouth of Mill Creek at the Sacramento River, is open to fishing from June

I 16 through September 30, with a daily bag and possession limit of 0 salmon.

Deer Creek: Deer Creek from 250 feet below Upper Deer Creek Falls downstream to the U.S.

i Geological Survey gauging station cable crossing at the mouth of Deer Creek Canyon, is open
to fishing from tne last Saturday in April through November 15, with a gear restriction of artificial
lures with barbless hooks only, and a daily bag and possession limit of 0 salmon. In addition,

i fishing within the area between Upper Deer Creek Falls and 250 downstream of the falls is
closed to all fishing under the general regulation restricting fishing within 250 feet of any
fishway. Deer Creek from the U.S. Geological Survey gauging station cable crossing at the
mouth of Deer Creek Canyon downstream to the mouth of Deer Creek at the Sacramento

I River, is open to fishing from June 16 through September 30, with a daily bag and possession
limit of 0 salmon.

I Big Chico Creek: Big Chico Creek from the mouth at the Sacramento River to the endupper
of Bidwell Park is open to fishing from June 16 through the last day in February, with a gear
restriction of artificial lures with barbless hooks only and a daily bag and possession limit of 0

I salmon. Big Chico Creek from the ,,pper end of Bidwell Park to Higgins Hole Falls, located
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about one half mile upstream from Ponderosa Way is open to fishing from October I through
February 29, with a daily bag and possession limit of 0 salmon.

Butte Creek:. Butte Creek from the Oro-Chico Road Bridge crossing south of Chico to the
DeSabla Powerhouse below the DeSabla Reservoir, is closed to all fishing all year. Butte ;Creek from the Oro-Chico Road Bridge crossing south of Chico to the points that Butte Creek
enters the Sacramento River both via Butte Slough outfall gates at Moon’s Bend and through
Butte Slough, the East and West Canals of the Sutter Bypass, and Sacramento Slough to the
Sacramento River, is closed to salmon fishing all year, but is open all year to fishing for other
species.

Feather River. Special restrictions on the Feather River which may affect spring-run salmon
are as follows:

(1) The Feather River from the fish barder dam to the Table Mountain bicycle bridge in
Oroville is closed to all fishing all year.

(2) The Feather River from the Table Mountain bicycle bridge to the Highway 70 bridge
is open to fishing from January 1 through August 30, with a bag and possession limit of
2 salmon.

(3) The Feather River from the Highway 70 bridge to a point 100 yards upstream from
TherTnalito Afterbay outlet is open to general fishing all year, with a bag and possession
limit of 2 salmon, however it is specifically closed to salmon fishing dudng the pedod ;October 1 through December 31.

(4) The Feather River from a point 100 yards upstream from Thermalito Afterbay outlet
to the mouth of Honcut Creek is open to general fishing all year, with a bag and
possession limit of 2 salmon, however it is specifically closed to salmon fishing only
dudng the pedod October 16 through December 31.

(5) The Feather River from Honcut Creek to the mouth of the Feather River at the
Sacramento River is open to fishing all year, with a daily bag and possession limit of 2
salmon.

Yuba River. Special restrictions on the Yuba River which may affect spring-run salmon are as
follows:

(1) The Yuba River from the mouth at the Feather River to Daguerre Point Dam is open I|
to general fishing all year with a bag and possession limit of 2 salmon, however it is
specifically closed to salmon fishing from October 16 through December 31.

(2) The Yuba River from Daguerre Point Dam to the Highway 20 bridge is open to
fishing from January 1 through September 30, with a bag and possession limit of 2
salmon.
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(3) The Yuba River from Daguerre Point Dam to the Highway 20 bridge is open to
fishing from October I through December 31, with a bag and possession limit of 0
salmon.

(4) The Yuba River from the Highway 20 Bridge to Englebright Dam is open to fishing
from December 1 through September 30, with a gear restriction of artificial lures with
barbless hooks, and a daily bag and possession limit of 0 salmon.
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Appendix E-1. Average Historic Monthly Delta Inflow (cfs) by Water-year Type and Time Periods Representing Changes in Water Flow
management Within the Sacramento River system and Sacramento-San Joaquin Bay-Delta Estuary, California. Data from Department of Water

.-Resources DAYFLOW.

’ ’ ’ STORIC .............HI DELTA INFLOW (CFS)
p, VERAGE MONTHLY INFLOW BY WATER-YEAR TYPE

WATER- PERIOD I WATER I OCT 1 NOV I DEC I JAN 1 FF-B I MAR I APR 1 MAY 1JUN
YEAR TYPE YEAR .......

ABOVE PRE-1945 1940 7,O93 7,248 11.950 68.382 101,581 138,2~0 124.929 48,834 24.367 8,127 4,285 7,478
NORMAl_

1945-1950 NO ABOVE NORMAL WATER YEARS

1951*19~7 1951 11,371 89.991 127.922 78.409 88.165 53.067 30.490 35.713 14,32~ 9,412 10.305 11,172

1954 13,038 18,571 18.971 32.242 71.971 59,698 61.122 33.30t 13.t59 8,910 10,437 12.232

1957 14,807 17,532 15.789 14.487 23,957 84.505 22,453 35,862 22,356 10,370 10.856 13.633

AVG 13,07t 34,$98 53,$60 4t,046 $t,364 89,~J0 39,02t 34,859 11,924 9,£~4 t0,4~7 12,346

1968.1977 1973 18,231 2~.341 30.864 100,445 100.905 75,981 27.115 20.603 19,313 16.644 17,522 19,346

1978 4,749 7,151 12.526 70.897 63,704 88,588 63,742 46,246 ~0,453 16,414 18,138 21,664

AVG 11,4~0 18,746 21,695 85,67t 82,305 92,284 45,428 33,425 19,383 15,52~ t7,$30

1978-1992 1978 4.749 7,151 12,526 70.897 83,704 88,588 63,742 46.246 20.453 16,414 18,138            21.864

1980 18,035 18,151 24,317 120.991 125,777 103.281 34,672 27,588 24,577 21.852 17,250 20.216

AVG 10,392 12,$68 18,421 95,944 Sul,741 95,935 46,207 38,9t8 22,5t5 t6,t33 17,t64

1993-1994 1993 7,712 7,593 13.836 64.085 81.110 67.711 51,318 30.492 34,485 22,672 24,1e5 19.027

1995-1997 199~ 20,082 15.739 28.432 39.685 129.684 91,804 47,712 51,850 28.829 24,332 24,318 20,345

1997 16,027 18.962 87.256 261.255 120,074 40.385 ~0,125 17.643 19,215 23.672 21,555 16.931

AVG 18,355 17,351 57,844 150,460 124,879 68,095 33,616 34,747 24,022 24,002 22,937
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Appendix E-1. (Continued).

HISTORIC DELTA INFLOW ((~FS)
AVERAGE MONTHLY INFLOW BY WATER-YEAR TYPE

YEAR TYPE I yF~lq; I
BELOW PRE-1945 1935 5.396 13.9~ 12.814 43.385 30.295 47.263 107.231 67.552 38.592 8.005 4.403 6.O41

NORMAL

1936 8.939 9.537 11.758 58.501 106 053 65.646 62.449 40.953 31.622 8.388 4.383 8.320
1937 7.725 8.228 10.R?R 13.412 59937 74.157 71.863 63.275 33.212 7.85~ 3.421 5.454

AVG 7,353 t0,587 1t.733 38,433 65,428 62,355 80,514 59,927 34,475 $,083 4,0~9 S,~38

1Q,f~ ~’~t~ 1Q45 7.1~1 17=;44 71~50 20.97"~ 78 706 39.717 38.464 43.129 28.130 11.273 8.776 10.337

IQ.~,3 1;’ 4~r, ?(1 ~66 73.~31 80.123 31 903 33 438 40.905 42.242 18.858 8.727 8.342 10.153
lq48 IO~0 12832 1065q 24.047 12711 20.171 58.838 59.989 44.068 10.869 9.618 11.438

1950 8.326 10.402 g.RRt 29.282 51 566 33.225 44.730 38.832 23.930 8.356 7.388 9.g~9

AVG 9,7tl 15.4t1 29.455 38,606 43,721 31.638 45.734 45,~;48 25,747 g.90~ 9,531 10,474

1951-1967 1959 18.034 16.968 15.896 30.801 55.686 30.750 15.103 12.398 8.633 10.918 12.405 11.829

19f~2 7,529 8.899 16.773 11,436 68 984 48,536 31,757 23,210 17,862 11,375 12,515 13,267

1960 18,692 25.888 30.118 43.545 35 252 27,702 23.562 15.350 10,281 12,103 12.911 11,810

AVG 14,095 17,245 20,929 28,594 53,307 35,663 23,4~J4 1~,985 t2,252 tl,4~$ t2,910 12,302

lg~8-1977 1968 20,228 18,512 21.087 24,918 51.525 43.821 16,778 14,642 12,121 13,203 13,918 14,239

;972 19.310 17.833 25.150 23,649 25.859 26.036 14.889 13.979 14,573 15,564 15,328 18,560

AVG 1~.7~9 18,172 23.118 24,384 38,692 34.929 15,834 t4,3tt t3,347 14,3~3 tS, t23

1978-1992 1979 16.620 16.414 16.335 30.791 45.683 41.627 21.618 22.038 15.413 18,224 17,623 16.952

1993-1994 NO BELO~N NORMAL WATER YEARS

1995-1997 NO BELOWNORMAL WATER YEARS
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Appendix E-1. (Continued).                                                                                                                  r~

HISTORIC DELTA INFLOW (CFS)
AyERAGE MONTHLY II~f:l, OW BY WATER-YEAR TYPE

IYF_J~R TYPE I YF.,AR | | | ,
CRITICAL PR~-1945 1931 6,757 10,060 10.089 15,499 15.991 17,253 8,951 5,323 2,740 897 1.221 3,357

1933 5.902 6,792 9.561 13.953 16,616 25.791 24.875 22.224 21.92~ 4.295 2,591 4.598

1934 6.510 S.692 16.056 33,149 28.412 28.016 18.389 8.348 4,4S3 2.035 1.941 3.615
AVG 7,056 8.514 11.902 20.867 20,340 23.687 17.405 11,9~4 9=70~ 2,~42 1,91S 3,923

1945-1950 NO CRITICAL WATF’R YF’ARS

lnr~R. 1,q77 1976 24647 27,059 2~.874 1R615 15.08! 18.818 14.200 11,987 11.782 12.804 14.481 13,938
1977 9.405 9.059 8.767 I0.946 8.833 7.150 6.199 8.029 7.007 8.409 7.828 7.030
AVG 17,026 t8,059 19,220 14.781 f f.957 1t,884 10,199 10.008 ~J,395 t0,60~ 11,155 10,484

1978.1992 1988 11,025 9,815 17,202 28.769 13.763 13.880 19,370 12.991 12.537 18,238 15.052 13,141
1990 15.802 16,503 16.945 20.356 15.474 15.136 16.g~7 12,000 11,901 14,712 15,074 11,105
1991 8,863 9.065 11.826 9.894 8.993 29.652 12.602 0.895 9.810 10.332 10,253 10,751
1992 10,364 6.387 10,385 11,640 30.486 22.691 11,303 7.609 9.260 9,000 9,423 10,600
AVG 11,$14 I0,943 t4,089 17,~70 t7,t79 20.390 t5,060 19,374 10,877 t2,$7t 12,4.~ tt,3~

1993-19g4 1994 17,388 14.389 22,455 18.317 22903 16.108 10,868 11.383 9.648 13,364 13,374 15.837

1995-1997 NO CRITICAL WATER YEARS
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Appendix E-1. (Continued).

I .......... HIsToRIC DELTA INFLOW (CFS) ’

, , , i~¥ERAGE MONTHLY INFLOW BY WATER-YEAR TYPE ......
IY~R ~PE I Y~R I I ,, I I l I I .... ,

DRY PRE-1945 1930 6,916 7,171 37,235 32.311 33.249 5~.446 35,971 24,840 13.1~ 4,5~ 3,935

1932 4,898 7,037 22.845 36,262 39921 35.913 ~,725 48.~3 ~,795 10,770 3,697 4,529

1939 11,783 15.244 18.768 17.408 19.799 26,798 21,430 10.391 4.2~ 2,~ 2.~3 5,497

1944 10.111 11.308 12,671 15.366 30.613 35.200 ~,972 28.~3 t3,5~ 4,7~ 4,451 8.812

AVG 8,427 ~0,~ 22,879 2~,337 30,8~ 38,~89 28,275 28,0~ t~,~2 ~,~7 3,~ 5,95t

1945-1950 1947 10,701 15.~43 21.750 14.884 26.4~6 33,189 25.077 12,~ 9,160 5,~7 5,~ 8.125

1949 12,~8 12,61~ 14.536 14.129 16,551 58.583 35.419 28.~ 12.716 6.~3 7,510 9,355

AVG 11,3~ t4,230 ~8,143 t4,508 2~,4~4 4S.98~ 30,2~ 20,~32 10,938 ~,1~ ~,73~ 8,7~

1951-1~7 1955 11.6~ 17.093 27.044 28.187 18.~7 15.71~ 15.3~ 22.~8 13.8~ 9,789 9,~ 10,475

1~ 8,836 8.4~ 8.43~ 12.690 47.874 36.101 20.430 17,~73 11,418 10,691 10.072 10,147

~1 8.4~ 12.901 20~244 14.577 41.961 29.651 17,402 13.B71 11,197 10.~ 11,6~ 10,080

1~ 17,125 ~.589 24.907 29.4~ 23.259 15.664 13.811 !5.149 12.038 12.~ 12.~85 14,292

AVG tt,S2S I~,252 20,157 21,237 32,86S 24,283 tE,7~ 17,210 12,13~ 10,~1S 11,088 tl,2~

1~8-1977 NO ORY WATER Y~RS

~978-1992 1~1 15,880 14,723 19.917 23.286 28.180 29.233 ~.227 16,~5 12,375 16,695 1e.~1 14,119

1985 18,057 31,819 39.733 21.381 22.683 18.008 15,831 16,028 15.~1 18,751 tS,~ 14,352

1987 ~,058 16.284 17.4~ 15.9fl5 20.150 2~.322 15.1~ 12,595 12.4~ 17,133 16.4~ 13,492

1~9 10.519 12,739 13,886 14,236 13.511 47.293 23.898 16.138 15,~7 ~,223 19,~ 17,981

AVG t~,t28 t8,89t 22,736 18,722 21,t31 30,214 18,7~ 15,~1 13,7~ 1~,~ 17,1~ t4,S~

1~3-1994 NO ORY WA~R Y~RS

1995-1997 NO DRY WATER YEARS
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Appendix E-1. (Continued).

! HISTORIC DELTA INFLOW (CFS)¯
I AVI~I~;E MONTHLY INFLOW BY WATER-YEAR TYPE

PERIOD WATER OCT NOV
I

FEB I MAR l~ta, Y JUN ,
SEP

I Y ~A~e~I’~l~ E I I YEAR I I DEC I JAN I I APR I I I
JUt

’I AUG I .
WET PRE-1945 1938 9,528 27.254 88.349 46.304 170,950 173,159 121,362 115,733 84,192 2~,475 9,09~ 8.883

1941 8,921 13,308 62.650 117,831 137,192 126,217 113.482 84.671 49,442 10,700 7,039 7.~13

1942 9.616 12,571 62.969 89.792 155.863 50.930 89,511 75.362 60.353 18,144 6,169 8,073

1943 10.727 18.013 32.59~) 89.794 80.792 112.565 76.784 48.543 29.747 7.814 4,871 6,826

AVG 9,698 17,785 61,647 85.930 t38.t99 1t5,718 100,285 81,077 55,933 17,783 5,7~4 7,744

1945-1950 NO WETWATER YEARS

1951-1967 1952 1t,763 18,046 46.746 101,787 103,514 83.383 104.874 108.021 68,238 22,113 12,277 13,601

1953 12,165 13.410 40.630 117.509 39.:~02 28.013 33,104 41,411 38.69~ 13.323 9,938 14,215

1956 8,716 11,184 122.456 184.332 98.352 65,091 41.032 81,506 40,423 10,394 13.822 15,932

1958 20,792 21.482 26.466 42.081 178.421 108.422 150.633 81,182 54.955 19.291 16.177 18.784

19~3 44,394 t8,648 35.242 22.111 96.8~3 29.703 101.789 57.393 26,294 14,189 12,~89 f7,940

19~5 11,267 18,670 106.371 134.013 58.215 29.890 58.284 37.957 23,631 14.577 15,837 17,610

lg~7 10.378 20.396 59.083 59.633 84.613 56,568 76.757 78.770 66.915 30,913 17.904 21,760

AVG 17,0~8 t8.833 62,428 94,492 84,173 $7,283 80,524 6G,50t 45,593 15,550 14,0~2 t7,121

1968-1977 1969 13.174 15,425 27.076 125.525 159.488 96,730 73,267 69.928 52,548 20.746 21.261 25,034

1970 22,274 22,001 46.101 188.895 112,760 58.170 17,072 17.178 14,824 14.836 10,341 20,30~

1971 17,224 25,409 84.076 66.332 37.792 36.105 42.364 32.524 30.695 22,515 23,474 26,192

1974 19.751 63,291 79.012 139,274 64,756 83.123 113,459 35,108 29.571 23,957 2~.042 28,~8

1975 24.398 26,812 30,721 23.540 60.242 71,361 41,473 38.812 30,754 20,565 21,740 23.839

AVG 15,354 30,587 53,397 108,713 87,008 09,098 S7,627 38,310 3t,078 20,$24 2t,773 24,808

1978-1992 1902 11,441 39,336 91.853 98.112 100.549 86,350 149,356 86,304 3~,044 25,011 25,319 31.759

1903 28,817 42,769 95,552 96,861 183.046 266.621 121.793 103,031 79,795 53,418 35,542 . 37.543

1984 36,150 71.675 155.567 103,431 46,831 42.147 23,780 19.566 17,950 24,0~1 21,585 21,367

1906 12,012 12,681 19.091 23,316 207.820 168.59~ 50.073 23.530 19,144 20,306 18,871 23.021

AVG 22,t05 41,0t5 90,510 80,430 134,562 t40,929 85,250 83,108 38,233 30,5~J~ 20,32S 28,423

1993-1994 NO V~T WATER YEARS

1995-1997 1995 9.883 11.098 18,153 112.460 82.100 196.794 95,321 I04,088 57.795 41.815 24.125 29,705
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Appendix E-2. Simulated Average Monthly Delta Inflow (cfs) by Water-year Type for Existing Operations
to 1995 Bay-Delta Plan. W-Wet, B-Below Normal, D-Dw, C-Critical, A-Above Normal.

I TOTAL DELTA INFLOW (CFS)
~W~;IM - DELTA ACCORD MODEL RUN 420

1     WATER IWATER I OCT I NOVy~’,R,I ~e~YEAR OEC I FEB I MAR ,PR MAY JUN I JUL I ,UG ! SEP

1922 A 12,188 14~’92 23.728 24,!89 53,355 41.132 29,324 55.738 42.352 16,8~1 13,060 12,308

1928 A 17,865 34,330 20,874 29,248 33,621 110,285 33,366 21,993 18,039 23,954 16,970 12,382

1~40 A 14.941 12,783 16,001 35,781 64,165 115,279 73.886 23,951 18,042 25,277 18.783 12,695

1951 A 18,971 69,314 ~6,287 74.519 76,256 37.313 21,520 25.038 17,990 25,183 17,~09 12.959

1954 A 23,445 28,400 18,830 87,224 69.077 55,200 48,927 27.139 18,028 25,294 17,~2 13,102

1957 A 28,266 18,640 14,252 20.331 45,964 51.359 23,795 22,362 19,351 26,292 20,561 12,828

1973 A 18,981 30,617 31,852 86,259 103.644 69,424 24,119 24,250 22,272 20,720 16,694 13,229

1976 A 8,586 10,374 21,206 71.589 67,226 76.220 49,292 26,810 19,547 16.363 13,056 15,722

1980 A 14.423 23,412 26,849 122,092 141,988 77,473 24,769 21,444 17,587 15,887 13,456 18.073

AVG 17,518 25,7~6 2’i,875 ~5,592 72,736 70~09 3~,555 Z7,~36 2’1,445 21,528 15,419 13,lR9

1923 B 24.729 26,793 47,758 40,676 27,182 17,415 32,518 20.578 13,790 23,541 18,895 12.629
1935 B 9,122 16,621 16,384 34,038 18.919 33.043 47,744 58,794 20.666 23.320 17.177 11,132
1936 B 13,841 13,747 15,647 37,227 80.611 38.793 27.475 20.136 18.974 22,990 16,224 11,460
1937 B 12,675 12,605 21.798 19,778 51,825 57,908 29,438 20,768 20,396 16,856 14,001 11.305
1945 B 16.480 20,575 22.338 17,999 60,499 36,076 18,611 17.724 21.375 17,701 15.143 11.885
1~48 B 18578 23.973 85 178 57,442 30,551 27.069 18,814 19.549 20,080 21,698 16,710 12.249
1946 B 17.147 15.10~ 15,02~ 17.750 19.351 19.936 29,339 37,028 23,835 23.634 21,2~0 19,024
1950 B 14.185 13,955 14.209 26,877 40.634 25,966 23.915 19,446 20,018 23,632 21,290 13,269
195~ B 27910 19,961 15.655 44.019 63,520 23,811 14,246 14,342 16.929 22,800 15,920 14,732
1962 B 13.895 15 150 19,272 14,329 63.898 30.255 15.539 19.036 16.905 23.628 18.700 13,263
1965 B 19.155 33,798 22 7!5 35,759 33,317 30,277 16.254 18,886 16,940 23,634 18.560 12.994
195~ ~ 27.814 21.182 2C 18’, 35 721 73,825 42.518 17,012 14.187 16.945 22.405 16.016 13.031
1972 B 21.656 19,590 29,242 21.415 29.428 35,157 16,947 14.422 16.945 23,636 19.759 13.212
1979 B 21,999 20,688 12~883 34.999 53.892 39.732 23,695 22,005 23.140 17,770 14,203 11,708

AVG 18,513 t9,553 25,592 31,288 46,261 32,711 ;;3,825 21,207 19,424 21,946 17,418 12,982

1924 C 14,029 14468 20,210 19,415 19,668 17.135 10,780 11.133 12,455 16~785 11.437 6,880
1929 C 12.306 17,656 20.866 15,937 19,866 16.234 12479 12,405 17,268 18,682 9.549 9.031
1931 C 10.86~ 11.945 12,245 18.579 15,730 13.136 12.967 10,321 12.427 12.866 6.884 8.358
1933 C 10,632 11.203 13,478 21,232 16.891 15.530 15.995 12.542 16,121 12,328 7,586 8,865
1934 C 9,912 8.466 19.628 21,738 21,298 19,229 16,167 11,558 16,921 12,334 7,392 9,125
1976 C 28.955 23.760 18,314 14,762 21.687 17,918 13,048 12.673 16.927 14,249 10,332 9,486
1977 C 10.316 11,793 19,752 15,071 15,285 12,445 11,945 10,402 9,184 10.286 7,508 8,378
1988 C 12.278 13,523 21,395 30.447 18,786 13.669 12,733 12,587 16,990 17,180 11,633 9.579
1990 C 11.277 9,897 15,219 20,603 19,339 13.450 15,987 12,503 16,572 17.193 11,871 8.542
1991 C 8.848 9.635 13~500 11,633 16,911 36,211 17.011 11,164 17.124. 17.417 9.202 9,718
1992 C 10.012 9.086 13,945 14,304 38,958 23.922 15,958 11,269 16,729 18,042 10,638 9,555

AVG 12,675 12,858 17,141 18,520 20,402 11,080 14,097 1%887 15,338 16,215 9,457 1,047

1925 D 16,174 14.023 17.950 13,889 58,322 23,896 30.274 19,979 18,709 21,516 16,342 12,325
1926 D 16,184 13,863 15,140 21,237 43,931 17,992 28.497 18,781 15,783 21.761 16,225 12,274
1930 D 14,513 12,766 18.566 28,097 21.244 34,537 16,329 14,374 15,777 17,787 11,966 10,440
1932 D 11.452 12.050 24.701 21,317 24?80 15,998 18,414 16,581 16,936 12,600 10,543 10,836

i 1939     D    28,944 21,030 18.727 18,638 18,761 17,360 16.588 14,467 16.049 21,878 15,224 11,826

I
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Appendix E-2. (Continued).

TOTAL DELTA INFLOW (CFS)                                ¯
~VVRS]~ - DELTA ACCORD MODEL RUN 420

1944 D 16,914 16,422 14.922 19,654 42,830 27,605 15,791 14,445 19,188 21,109 15,152 11,759 ¯
1947 D 14,619 16.964 20.347 18.501 24.888 25.412 17.461 14,324 15.835 22.965 18.~ 12,398
1949 D 18,417 16,073 17,929 15,169 17,257 57,820 17,257 18,756 17,700 18,774 14.921 12,~23

1955 D 12,959 21.632 31,358 27,650 22,109 13.578 14,220 14,967 18,710 22,970 20,890 17,528 ¯
1960 D 16,324 13,355 20,313 17.225 34,491 23,759 17,471 13,736 16,044 22,999 20,125 12,820

1961 D 14,411 17.777 19,575 16,729 35,863 22,580 15,885 13,642 15,902 23,016 20.313 12,869
1964 D 21,398 39.138 17,509 32,653 18,449 15,322 13,195 14,451 16,741 22,964 20.637 13.647

1981 D 21,812 18,415 21.061 32,601 33,121 39,387 19,336 14,142 15,617 21,920 15,205 11,808 ¯
1985 D 23,299 46,794 33,254 18,850 24,871 23,733 13,743 17,088 15,828 22,979 19,171 12,639
1987 D 17.407 16,052 14,309 16.574 24,962 38,274 16,067 13,773 15,793 22,956 17,0~8 11,753

1989 D 8,835 12,940 14,967 14,756 16,440 44,~41 26,712 17.063 15.804 23,063 20,328 13,759
AVG 17,O41 t9,393 20,039 20,840 28,895 27,637 18,815 t5,U2 15,664 21,329 17,039 12,582

I

1927 W 16,322 27.499 19,506 36,225 129,845 49.164 56.537 30.527 18,776 18,176 15,772 11,401
1938 W 12.984 38,803 84,535 39,649 152,277 172,332 74,806 71,277 46,876 17,433 13,753 21,825
1941 W 14,318 15,457 57,082 110,192 129,924 106,346 90,507 49,474 24,189 15,572 13,495 17,403 ¯
1042 W 26.563 25,136 77,084 90.247 152,239 33.896 61,231 45,812 32.179 15,615 13.499 18,359
1943 W 27,790 29,778 36.746 89,907 68.850 89,633 37,282 25,083 17,255 18,328 15,014 11,342
1952 ~ 16.525 21,604 58.847 100.775 88,100 71~498 73.475 71,510 47,150 20.977 14.709 24,290 Ill
1953 W 27,312 21.842 54,968 107,593 31.134 25.784 25,024 31,304 30,532 19,520 14,393 16,822 ¯
1955 VV 12,3�T 15.48~ 91.268 167.264 101,255 42,868 28,095 50,556 28,601 17,893 17,688 20.024
1958 W 22~819 21,427 31.610 44,534 169.110 134,753 114,100 51,187 45,213 18,414 16,213 23.36~
1963 W 44,029 22,936 32088 21,126 79,437 38,362 101.153 37.179 20.180 19.571 16,772 16.030 I
1965 W 13,179 19.988 88,209 125,689 39,892 25,705 56,590 31,705 18,067 23,581 16,546 12,484
1957 W 14,973 22,088 48,878 60,677 67.254 65,435 59,172 55,817 52,097 25,100 14,949 23,337
1969 W 16174 17.838 28.287 131,401 143.949 65.313 56,392 69,657 40,654 19,100 14,137 27,144
197C W 31,278 23,788 66,257 211,398 97,310 43,541 19,436 15,385 18.081 ~ r~ 16,092 12.603 I

I1971 W 16,142 31.911 79.458 57.757 32,602 57,062 25,109 37,253 25,792 20,77," 17,653 18~474
1974 W 19,589 76.298 78,69E 138,324 51,956 116.919 81,335 31,812 25.578 19,603 15.936 23945
1975 W 25,889 21,509 23.074 18~621 76,521 95,630 31.308 40,125 29,860 19,117 17,356 20,393
1982 VV 15,849 43,33~ 101,337 90,664 108.948 92,972 153.979 60,411 32.502 21,112 17,205 30,367
1983 W 45144 59,295 9964.4 114,637 195.121 269.908 119,833 92,228 86.374 44,353 23.193 36,929
1984 W 46,344 93,051 166~723 88,920 55.169 44,093 21,429 17,582 19,097 20.832 15,888 18,641
1986 W 15,515 17,869 20.806 23.605 233,086 163.114 41,653 20.767 18,058 17.163 14,982 14,540

AVG 22,~09 31,769 $4,052 89,010 104,951 85,820 63,259 44,602 32,243 20,$99 15,~4 19,987

!

I
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I Appendix E-3. Simulated Average Monthly Delta Inflow (cfs) by Water-year Type for Future Operations to
Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-Dry, C-

i Critical, A-Above Normal.

TOTAL DELTA INFLOW(CFS)
R~j’VRSlM MODEL RUN 414. INTERIM ~OlrrH DELTA PROt~RAM AT I=UTURE I~I~M&ND

I ~’EAR’ ~/ATER-~ OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
YEAR
TYPE

1922 A 12,072 12,946 21,619 22,010 49,585 39,427 29,192 55,947 42,357 16,325 16,585 12,189
1928 A 13,131 28,300 19,436 26,931 30,014 106,061 32,862 21,913 18,401 21,245 22,988 10,320
1940 A 12,317 12,559 15,445 30,564 51,587 110,085 73,367 23.982 18,519 24.259 17,758 15,421
1951 A 15,412 54,091 102.658 72.173 73,557 35,207 20,892 25,318 18,384 28,120 19,534 17,458
1954 A 17,579 24,259 17,~49 33,675 67,983 53.780 48.249 27,191 18,249 24,471 23,069 12,407I 1957 A 24,242 18,535 13,392 19,241 43,903 50,424 22,980 20,495 19,596 28,902 19,420 17,609
1973 A 13,750 25,741 29,326 78,022 99,477 68,068 24,209 23.884 22.778 26.035 19.627 12,559
1978 A 6,439 9,495 18,312 66,439 65.999 67.546 47.912 27.761 20.825 18,573 17,514 12,458

I 1980 A 13,196 19,579 23,395 106,272 138,618 75,920 24,310 21,636 18,401 24,308 18.003 14,141
AVG 14,460 22,834 29,003 60,592 68,969 67,391 35,997 27,570 21,945 23,582 19,411 13,840

1923 B 17,612 24,798 43.858 39,312 31,584 16,585 29,798 20,300 19,106 22,141 18,133 15,774

I 1935 B 8.830 14,714 14.418 30,205 18,182 29.912 44,259 40,306 21,229 21,163 17,400 13,350
1936 B 13,017 14,091 15.037 34,702 72,348 36.722 26,987 19.453 18,956 25,464 17,889 14,983
1937 B 12,203 13,552 22,532 17,758 46,735 52,183 29,108 20.609 24,091 19,110 16,325 11,397

I 1945 B 13,669 18,855 20,186 17,269 51,587 28,935 19,630 17,351 21,650 21,848 14,907 11,330
1946 B 13,832 21,481 73,965 55,735 30,285 24,617 18,670 18,931 20,455 20,365 18,345 11,044
1948 B 15,836 14,209 14,744 17,644 18,416 16,764 26,414 34,474 23,266 29,488 20,642 16,886
1950 B 12,529 13,316 12,985 23,623 39,159 24,145 23,451 18,850 20,455 21,685 18,638 15,505

I 1959 B 26,295 19,798 15.119 42,164 60,335 25.106 13,754 14,321 17,306 24,145 20.593 15,034
1962 B 11,616 13,300 18,573 13.457 56,564 28,641 17,306 18.996 17,357 23,949 21,245 11,886
1966 B 16,813 31,044 20,414 33,545 32,071 27,696 18,300 18,671 17,290 26.3~4 22,613 14,630

i 1968 B 27,094 20.640 19.453 33,219 72,727 40,534 16,751 14,011 17,273 24,959 20,088 15,909
1972 B 18,312 18,367 22,792 20,609 28,860 35,158 15,875 14,321 17,172 26,979 19,778 16,869
1979 B 18.508 17,963 15.771 27,517 50,884 39,019 23.872 21,685 23,687 25,350 20.495 12.441

AVG 16,155 18.295 23,560 29,054 43,554 30,430 23,155 20,877 19,949 23,785 19,078 14,074

I 1924 C 11,877 14,G40 20.837 15,314 18,506 15,249 10,303 11,14A 12,525 13,066 8,113 7,795
1929 C 11,958 15,724 18,117 15,233 19,084 14,418 11,852 12,414 16,380 18,280 8,341 8,906
1931 C 10,134 9,983 16,895 15,624 14,430 12,023 12,643 9,400 12,306 12,138 6.631 8,519I 1933 C 10,606 9,225 11,079 17,286 14,989 13,148 16,330 11,926 16,919 16,194 8,553 9,091
1934 C 9,303 8,923 16,94.4 19,013 16,071 19,306 15,892 11,307 15,774 13,783 7,641 8,670
1976 C 24,910 22,290 18,833 14,695 20.815 15.771 12,407 12,594 16,987 20,968 11,144 6,704

I 1977 C 9,775 11,364 19,029 9,661 14,809 12,333 11,717 9,140 9,259 10,508 7,413 7,862
1988 C 9,123 12,020 19,257 28,201 14,719 13,799 11,481 11,013 15,657 19,062 8,798 8,283
1990 C 10,753 9.495 17,612 19,616 17,370 12,333 15,421 10,166 16,734 20,121 8,732 8,451
1991 C 8,684 10,051 13,359 11.975 15,422 32,405 16,700 10,541 16,044 15,005 9.254 10,657I 1992 C 8,700 8,468 10,362 13,050 34.794 21,440 15,404 11,307 16,633 15,412 8,537 8,721

AVG 11,438 11,962 16,575 16,333 18,274 16,586 13,650 10,996 15,020 16,867 8,469 8,696

I 1925 D 13,604 12,609 14,989 12,773 52.922 22,010 28,300 18,214 19,040 19,453 14,158 11,700
1926 D 12,740 12,912 14,370 18.573 36,709 18,980 25,774 18,003 16,212 22,467 18,166 15,505
1930 D 13,897 11,835 17,416 25,138 19,210 31,672 15,640 14,272 16,229 16,227 11,486 10,067
1932 D 10,671 10,606 18,459 19,094 20,635 15,591 17,946 15,461 16,785 13,913 10,704 10,909I 1939 D 28,006 20,875 18,589 17,970 17,929 15,331 16,263 14,011 16,212 23,509 20,251 13.401

i
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Appendix E-3, (Continued).

TOTAL DELTA INFLOW (CFS)
,          ~R~;IM MODEL RUN 414. INTI~RIM BOUTH DELTA PROGRAM AT FUTURE DEMAND

YEAR WATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
YEAR
TYPE

1944 D 13,799 17,121 21,668 18,687 33,351 25,155 13,502 13,702 19,310 21,538 20,153 12,441
1947 D 12,985 14,916 19,013 18,719 23,611 23,216 17,256 14,125 15,842 21,945 20,349 11,751
1949 D 15,168 14,495 16,113 14,386 16,234 55,393 17,391 18,589 17,626 19,583 12,056 11,902
1955 D 12,968 18,047 28,902 24,259 21,086 12,186 12,845 14,500 18,973 23,053 21,978 12,642
1960 D 13.376 13,434 15,575 15,445 32,359 21,522 16,566 13,457 16,145 26,035 17,775 15,438
1961 D 12,040 15,286 18.948 14,500 30,375 21,245 15,505 13,522 16,246 20.398 19,583 10,774
1964 D 20,039 33,754 17,595 27,729 18,525 14,761 12,896 14,337 16,397 24,536 20.121 13,906
1981 D 20,805 17,626 19.013 24,503 30,429 34,441 17,593 14,044 16,195 24,128 20,283 15,303
1985 D 21,326 39,343 32,323 17,498 20,491 16,406 14,327 17,041 16,044 26,214 17,742 16,633
1987 D 16,439 12,727 19,811 18,573 21,338 30.808 16,549 13,767 16,145 21,685 12,622 10,101
1989 D 8,244 11,397 12,903 14,288 15,133 42,734 25,825 17,188 16,128 21,180 17,807 11,902

AVG 15,382 17,312 19,105 18,883 25,771 25,091 17,761 15,265 16,846 2t,616 17,214 12,767

1927 W 12,610 25.303 18,719 32,193 128,842 49,153 55,673 30,205 18.923 25,106 19,567 11,566
1938 W 12,887 33.788 69,192 34,506 139,791 169,990 74,613 71,733 47,222 17,090 17,351 19,141
1941 W 12,284 14,966 48,664 107,625 125,938 104,448 88,670 48,925 24,646 18,475 18,133 15,842
1942 W 20,756 22.89~ 71,668 86,624 150,253 31,818 59,882 45,047 31,616 17,188 18,345 16,734
1943 W 22,955 24.714 35,745 85,272 66,901 87,357 36,734 26,442 18,401 24,585 19,648 13,38.4
1952 W 12,49~ 18.418 5244~ 92,392 87,103 69.176 72.458 71,848 47,391 20,414 14,467 23,535
1953 W 26,703 20,589 51,515 106,289 31,061 24,878 24,495 30,922 29,848 24,471 20,365 16,5.49
1956 W 12,382 14,815 81,997 164,467 100,577 42,375 26,818 49.723 28,081 19,143 18,719 18,771
195F~ W 19,778 20,370 29,456 41,284 156,439 131,688 114,276 51,254 45,152 17,726 17,921 20,842
1963 W 37,537 22~441 30,922 18,801 80,105 36,250 98,872 36,494 20~640 23.379 18,850 13,485
1965 W 11,893 17,458 82,388 124,829 39466 23.835 56,448 31,541 18.451 24,324 19,029 12,475
1967 W 12~691 18,098 45.064 50,929 64,141 63.392 59,074 56,435 51,414 24,487 14,435 22,542
1969 W 13.311 15.421 25.676 118,442 139,755 64.679 56,229 69,583 37,896 18,557 15,591 24.461
1970 W 28.869 23,215 6~,109 206,598 96,501 42,294 19,394 15,314 18,300 27,045 21,652 16,380
1971 W 13,131 26.145 69.567 54,659 33,189 53.601 24,731 36,347 25,387 25,073 19,713 18,805
1974 W 15.738 66,650 76~735 137,634 52,363 115.054 80,337 31,346 24,956 22.988 18,752 20.253
1975 W 21,375 21,162 22,385 18A75 75,325 92.864 30,690 39,655 29,377 20,104 18,801 20,000
1982 W 12,659 35,017 95,503 86,347 106,367 89,296 152,475 60,150 32,071 20,658 17,025 28,249
1983 W 43,614 56,229 97.817 110,166 190,981 264,516 118,670 92,033 85,892 43,825 22,955 35,707
1984 W 45,699 90.505 163.213 88,759 54,095 43,320 21,195 17,269 19,529 28,413 18,850 18,872
1986 W 11,893 14,108 19.420 21,717 221,374 160,492 41,044 20,544 18,434 25,138 17,742 14,226

AVG 20,060 28,681 59,629 85,143 101,932 83,832 62,513 44,420 32,078 23,247 18,472 19,134
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I Appendix E-4. Simulated Average Monthly Delta Inflow (cfs) by Water-year Type for Future Operations to
State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Normal, D-Dry, C-

I Critical, A-Above Normal.

I TOTAL DELTA INFLOW (CFS) I
STATE WATER RESOURCES CONTROL BOARD ALTERNATIV~ 5 - D~NRSIM MODEL RUN 524 I

|r o= i i=, I" I" ! I=1 ! 1 I
1922              A            13,620       14,310       21,489       21,717       48,069       39.785       31,128       55,533       45,118       19,436       16,010       15,135
1928 .,S, 17.579 22,357 20,316 29,472 33,827 106,191 33.640 25,073 16,296 23,851 19,469 12.946

I 1940 A 11,470 10,219 9,661 30.629 62,816 113.425 76.751 26.~06 20,539 23,851 19,241 13.165

1951 F. 14.695 61.195 105,784 81,020 78,574 40,046 21,549 25,725 21,246 23,851 19,094 14,781

1954 A 19,648 22,946 16,645 35,642 67,022 65,572 47,037 30.890 17,256 23,851 19,306 14,552

1957 A 25,464 17.559 16,341 20,935 37,708 52,835 26,397 22,825 22,795 23.835 18,996 12.559

I 1973 A 14,695 25,741 28,772 82,437 102.563 71,212 27,071 22,255 23,013 23.851 19,045 14,680

1978 A 9,384 8.586 14.907 64.011 67,509 7’6,572 57,424 52,910 24,343 16,993 15,184 16.699

19~0 A 16,455 18,535 24A71 114,549 148,646 69.127 27,963 23,672 24,815 18,100 14,060 16,684"
1993 A 10,606 9,158 16.781 61,030 69.332 63.131 47.172 55,239 35,0~4 19.909 15,298 13,401I AVG 13,865 19,14~ 25,033 4~,240 ~4,188 62,$36 35,1~4 27,357 22,773 18,775 15,179 13,167

1923 B 19,225 20,640 43,874 39,752 28,357 20,039 32,104 20,903 21,801 22,353 18,475 10,960
1935 B 10,981 11.178 10,606 31,672 16A26 32,079 49,899 35.745 22,121 22,353 15,054 12,071I 1936 B 15,217 11,936 11,942 36A78 93.538 40,779 29.865 21,163 22,778 22,353 18.475 10.960
1937 B 15,575 13.737 14,940 19,143 52,347 53,014 33,519 25,937 21,953 18,687 14.598 10,892
1945 B 11.502 16.768 18,654 16,585 56.372 38.351 19,495 17,775 20,556 22.353 18,47~ 12,441

i 1946 B 16,976 20,960 79,228 59,906 30,993 29.945 19,091 18,850 19,933 22.336 18,475 14~444

1948 B 11.665 11.987 11.437 16.276 17.906 21.815 28.535 31.753 25.741 22.353 18.475 14.798
1950 B 15.363 13 148 12.724 23.493 38.610 25,758 24.781 19.518 23.266 21,~40 13.799 14.360
1959 B 26.947 18.687 17,025 38759 59,874 26,947 14,O40 13.262 20.572 22.353 18,475 12.441

I 1962 B 13,539 13.064 18,605 16.862 57,040 33.741 20.589 19.322 19.529 22.336 18.475 14,848
1966 B 17,335 30,657 22,858 36,869 34.513 33.855 21A48 18,117 17,896 22,271 18.491 14.832
1968 B 26.246 18.519 19.273 34.751 68.755 43.646 20.152 13.066 20.118 22.353 17.905 12.744
1972 B 20.300 17.273 23.086 22.450 28.520 36.005 16.818 14.353 19.478 22.335 18.459 12.391

I 1979 B 20.088 16.768 16.064 33~843 55.289 44.444 24.562 19.420 23.030 22.304 16.487 11.364
AVG 17,211 16,809 22,~0 30,474 45.610 34.316 25,350 20,656 21,341 22,013 17,437 12.825

1924 C 14.467 12.946 15.966 16.732 20.307 14.321 10.589 11.144 12.508 10.834 7.999 9.613

I 1929 C 15.803 14.848 15,771 16.960 20.487 16,373 11,566 12.349 12.660 10,476 8,211 9.613
1931 C 11.584 11.397 10.785 14.027 13.123 10.606 11.700 12.447 15.051 11.404 8.065 9,645
1933 C 12.740 11.296 10.459 15~331 15.704 12.805 ’ 16.111 10.688 12.660 9.449 8.130 9.697
1934 C 9.775 9.646 14.956 19.225 16.119 16.504 15.438 11.372 16.077 15.331 10.215 9.630

I 1976 C 26.735 21.566 19.078 18.719 22.816 20.772 11.902 12.398 21.263 18.736 12.626 9.512
1977 C 11,486 10,690 10,036 9,368 13,845 9.221 11,869 9,791 11.380 8,749 8,618 9,343
1988 C 12.382 10,303 18.312 28,576 19,783 12,643 10,960 11,975 16,465 12,854 7.950 9,697
1990 C 14,451 13,081 16,048 23,183 19,29~ 16.520 15,168 10,003 21.347 17,351 9,400 10.421

I 1991 C 11,176 9,495 10,182 8,097 11,895 34,246 18,081 11,013 12,593 12,040 9,808 9.579
1992 C 10.248 9,192 9,107 13,648 37.726 23,574 15,522 11,323 15,774 13,946 7,788 9,529
1994 C 17.579 25.438 20.283 19,339 31,931 17,856 12,677 10,720 21.616 19,860 17,400 10,623

AVG 14,036 13,325 14,249 15,950 20,253 17,120 13,455 11,255 15,713 t3,419 I,IM 9,742

I 1925 D 10,231 8,990 13,962 12,186 62.274 35,745 27,256 16,650 16.481 19.110 13.604 10,051
1926 D 11.567 12,508 14,614 20,381 42.292 18,671 25.152 18,524 17.189 18.622 9,498 11.785
1930 D 10,867 8,687 16,194 23,526 18,394 34,181 16,077 14,435 19,899 20,821 15,640 9,646I 1932 D 9,270 9,747 19,860 22,255 26,733 15,999 18,215 16,422 22,104 20.039 12,724 10,084
1939 D 31,704 22.340 21,619 21,717 23,556 20,218 15,860 12,089 21,162 20,837 17.498 10,051
1944 D 16,455 16,734 16,390 20,560 37,726 30.987 14,798 12,773 21,027 20,837 17.970 11,414

I 1947 D 15.934 16,818 21,750 17,775 24,892 25,692 18,114 12,056 20,774 20,821 17,954 12,071
1949 D 15,494 16,094 18,019 17,172 18,718 49,560 18.165 18,426 19,394 20,789 14,484 11.212
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Appendix E-4. (Continued), I1
" ~o~-~. ~,~.~ ,,~ow ~cFs~ ’ ’ !

,,, ~;TATE WATER RE~;OURCES CONTROL R,~ARD ALTERNATIVE 5 - DWR~;IM MODI~L RUN ~4o= I I "° I"° I" I,. I" 1= ! !" I" ! il
1955 D 16.129 22,492 29,032 26,523 19.639 20,495 13,330 13,734 "20.673 20,821 18.098       10.101

1980 D 16,129 13,030 11.926 16,357 33,484 25.106 16.~01 13,587 20.185 20,821 11,828 10,219 ,

1981 D 14,093 15,168 19,045 16,390 34,296 22,858 15,219 11,013 21,9~7 20.821 17,628
1964 D 19,192 32.340 17,367 29,717 22.635 19,501 12.357 13,653 20,051 20,821 17,805 14.781

1981 D 21,195 15.622 18,247 32.991 33,700 37,468 21,431 12.252 20.572 20.637 17,970 11,498

1985 D 18,931 :37.987 20,442 18,768 23,683 25,823 15.892 16,357 18,704 20,637 17,870 14,495

1987 D 17.335 13.434 15,868 18.752 26.029 33.024 14.832 10,720 22,155 20,821 17,090 ’ 9.815

;1989 D 9,743 10,185 10.720 13,441 13.502 46.139 26,734 16.781 18.754 20,637 11.877 12,593
AVG 18,892 17,805 18,t91 20,552 26,858 2~,$43 t8,147_ 14,342 26~t ~0,8,1t t f~120 tl,210

1927 W 14.272 23,923 18,589 34.050 142,563 ~0,929 57,982 33,545 23.989 23,851 17.660 13,335
1938 W 15,673 27,155 73,135 41.365 153.394 168,156 57.727 98.331 52.795 19.436 15,705 23.064
1941 W 15,575 15,976 50,815 109.340 133,231 103,829 87,071 83,796 31.195 17,954 15,200 21,077 |
1942 W 27.273 20,976 73.819 90.730 152,960 38,3t9 58.300 46,628 35.421 19,681 16.129 18,047
1943 W 26,849 26,246 34,457 93.682 69,910 98,159 40,774 28,902 22,155 19.550 15,526 14.057
1952 W 15.233 18,923 51,743 98,648 89,495 78,348 78,047 79,896 50,993 21,717 17.856 24,495
1953 W 29,244 19,242 48.925 107.087 36,444 29.831 21,616 32,454 29.714 23.851 18,736 15,859
1956 W 14,744 12,559 88,156 181,215 100,740 47,898 28,687 48.892 32,660 23,688 17,709 19,815
1958 I/V 23,803 21,195 25.937 39.378 160,523 133,655 112,323 61.730 47,340 20,886 19.485 26.717
1963 W 34,995 22.189 29.668 20,38’; ~3,394 3~,237 98,603 37.346 24,680 23.851 18,850 15.000
1965 W 12.235 15.657 80,026 129.391 44,278 27,142 56,077 33,024 23,788 22,353 16,292 14.747 -L
19~7 w 15.428 17,290 40,469 53,535 65,144 68.915 65.707 67.188 56,616 27,387 17,302 25,337
19~9 w 15.754 15,875 27,191 130,173 150.614 77,387 71,077 76,865 45,253 20,007 16.064 28,956
1970 w 28478 20.724 60.964 211.779 99,386 48.892 23,013 18,964 19.478 23,851 19,339 12.845
1971 w 14,74~ 25.320 68,003 56.663 32,617 58,781 27.222 35.288 27,576 23,851 18,736 20,758
1974 w 17.204 67,593 77,175 139.394 53,556 120,414 78.519 35,174 27,273 23.574 18.736 25,421
1975 w 24~894 20,067 20.577 21,310 70.776 98.762 35,337 36,950 33,249 23,770 18,345 "21,195
1982 w 14.288 37.071 96.090 88,025 112,635 98.204 150,5~9 57,987 36.616 21.815 17,302 27,071
1983 w 38,547 53,064 92.701 112,952 189.332 252,590 109,293 83.610 97.626 39,475 23,672 35.960

I1984 W 37,993 88.013 161,030 81,052 51.191 44.884 24,512 20.153 22,189 23,851 18.752 12,896
198ro W 12.333 11,919 18,522 24.715 225,065 162.447 33,300 23.412 22.929 17,954 15.331 15,067

AVG 21,408 27,866 58,957 55,826 10:5,831 88,380 $4,079 47,553 36,384 22,989 17,749 20,558
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Appendix E-5. Average Historic Monthly QWEST Flows (cfs) by Water-year Type and Time Periods Representing Major Changes in Water Flow
Management VWhin the Sacramento River system and Sacramento-San Joaquin Bay-Delta Estuary, California. Data ~rom Department of Water

¯ Resources DAYFLOW.

I- ISTORIC QWEST|CFS) - AVERAGE MONTHLY BY WATER-YEhlR T~pE
WATER- PERIOD

I

WATER I OCT NOV DF.(::
I JAN I FEB

MAR APR
I

MAy JUN
1

JUL
I

AUG
I

SEP
YEAR TYPE YEAR

ABOVE PRE-lg45 1940 2474 2530 3179 17265 23~ 29429 30829 20881 12507 1104 455 2083
NORMAL

1945-1950 NO ABOVE NORMALWATER YEARS

1951-1967 1951 3199 22505 45544 24704 24554 18581 7708 12310 3678 -411 -738 717
1954 2759 6510 8036 12690 20154 21337 21823 13424 -1149 -3381 -2474 -325
1957 3262 4792 4507 5599 6619 12699 7700 8532 4945 -579 210 3379
AVG 3073 11289 19362 14331 17109 17539 12410 t 1422 248t -t 457 -1001 1257

1968-1977 1973 2597 7428 6462 18739 25431 200~8 8905 2413 -1115 -3973 -2034 1896
1978 16,58 - 1540 ~ 618 7814 10783 19682 28734 24040 3519 -2539 -1954 2037
AVG 2127 4484 4040 13278 18107 19875 17~18 13227 1202

1978-1992 1978 1656 1540 1618 7814 10783 19682 26734 24040 3519 -2539 -1954 2037
1980 1179 3559 4015 26298 29672 34148 10839 9281 4~44 2f)49 -28~9 1873
AVG 1418 2550 2818 17056 20228 28915 18787 16580 408t -245 .242~ 1~S$

1993-1994 1993 2238 2028 3772 6601 5402 8202 5541 5588 4802 -917 -2008 -2809

1995-1997 199~ 412~ 2144 6000 1220 24597 25506 10697 11457 -177 -1804 -1984 -2093
1997 -1925 -2073 21476 57314 47612 12416 2903 4421 -279 -2~74 -1893 -3306
AVG tt01 36 13738 29287 38105 18881 8800 7939 -228 -2239 -183~ -2700
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Appendix E-5. (Continued).

HR;TORIQ ~WEST (CFS) - AVEI~/~GE MONTHLY B’f WATER-’ fEAR TYPE

YEAR TYPEI YF__AR , ,
B~LO~/ PRE-1945 1935 1736 4824 4311 11537 8756 12959 28822 25054 19543 2117 410 182~

NORMAL

1936 3812 3600 4789 13573 33527 23203 23918 2315~ 14838 2488 525 179~

1937 2827 3130 5453 7825 25060 27529 248151 28029 18152 2533 382 1588

AVG 2792 3784 4~51 10979 2244~ 21230 25854 25413 17511 2371 432 t670

1945-1950 t945 2398 7516 8705 7250 26769 17608 14406 19484 13851 3275 1392 2460

1946 5149 7258 18196 19994 11695 10525 12860 18726 6801 893 719 1

1948 3256 3894 3198 4899 3417 6152 12239 14549 14595 832 377 1701

1950 2195 3335 3458 9388 13528 8577 13220 10879 7588 -113 -37 1648

AVG 3249 5501 8389 10383 13852 10716 1318f 15910 10708 1t72 tt3 t~J47

1951-1967 1959 6758 8144 7103 8602 13950 8690 4094 2154 -957 -1295 135 4297

1962 1978 4490 7021 5724 218~2 15059 9955 6952 4485 -851 -725 1407

1966 7928 11911 11165 12163 11845 6449 4911 2597 -948 -1426 -437 213~

AVG 5555 8t82 8430 8830 15898 9488 8320 3~J01 854 -tt81 -342 2S13

1966-1977 19~6 7g86 8371 10373 8048 12212 8970 2046 164 -98~ -1610 -522 -287

1972 5216 4974 9324 9070 8335 149~ 697 -1041 -2~02 -809 -1520 1045

AVG 6601 6573 984~ 8~59 10273 4233 1372 -438 .17~1 -120~ -t021 379

1978-1992 1979 3541 4131 2055 10885 16122 13058 2634 3605 79 -2919 -4207 -2237

1993-1994 NO BELOW NORMAL WATER YEARS

1995-1997 NO BELOW’ NORMAl. WATER YEARS
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Appendix E-5. (Continued).

I- ISTORIC :)WEST (CFS| - AVERAGE MONTHLY BY WATER-YEAR TYPE,
WATER- PER’OO

I

WATER

I

OCT NOV

I

DEC

I

JAN FFB MAR APR MAY JUN
I

JUL
I

AUG SEP
YEAR TYPE YEAR

CRITICAL PRE-1945 1931 3236 3551 2935 5702 5265 4094 1525 1361 -360 -1194 -617 119

1933 2328 2809 432~ 6717 6522 6719 4811 5005 6745 215 -99 121)2
1934 2501 3345 R6~4 9060 9162 6211 3206 1584 67 -655 -550 785
AVG 2588 3235 4642 7180 (;983 5$75 3181 2850 215t -61t -422 732

1945-1950 NO CRITICAL WATFR YEAI~,~

196~.1977 1976 5482 4~R2 4RO~ 1054 449 .264 2042 -745 -4~6 -583 -1744 -2411
1977 395 607 1447 -639 1206 603 1595 1082 992 919 493 680

AVG 2939 2~35 3028 208 827 169 18t8 t89 283 t88 -~2S -75~

t978-1992 1988 -1088 382 -15 .2514 -3255 -1104 1359 -126t -1369 -2921 -3593 -2834

1990 -2995 -2724 -3693 -3437 -1~60 -2918 -2332 2660 756 -1918 -1845 -1599

1991 767 1328 869 27 2669 1461 -1973 866 374 239 -715 -232

1992 -287 1495 298q 675 4623 4090 433 935 245 800 142 -524

AVG -900 120 30 -1312 619 -1683 ~ 800 2 -950 -1S03 .1~J7

1993-1994 1994 -2359 328 -124 .8 2401 155 1929 1986 1259 -903 -1780 -1635

1995-1997 NO CRITICAL WATER YEARS
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Appendix E-5. (Continued).

I ......... HISTORIC QwE~T iCFSI - AVERAGE MoNtHLY BY WATER.YEAR T~PE ..... |

DRY PRE-1945 1930 2031 2223 6144 8851 7869 11747 8002 8203 3714 19~ 2~8 1822

1932 1028 2413 7896 9515 20581 10633 9798 18138 18990 5333 498 1178

1939 4797 6387 6782 7730 8901 7664 5448 3188 316 -448 -237 1501
1944 3390 3844 4855 6598 10973 11450 8303 7539 3816 92 204 1378
AVG 2812 3717 8419 8t74 12081 10374 7389 8787 6709 1293 t83 1470

lq45.19FO !947 ?Ro3 6287 71q6 55t3 7708 8499 5087 3051 878 -677 -191 1317
lq49 ~2q7 3297 4685 4437 5193 15719 7878 7300 2721 ~85 -I 1217

AVG 3095 4780 5940 4975 8450 17109 6482 8178 t799 -57t -~ 1287

1951-1967 1955 1399 6903 12470 15762 9710 ~711 2091 2174 -1339 -3317 -2941 -774
1060 2820 3518 4360 7839 11613 7651 5609 3777 -487 -1525 -770 t662
19~1 2312 6923 5402 8000 7576 9604 3797 2140 -647 -2183 -720 1662

19~4 7046 10215 6100 8421 6712 5112 2951 2728 509 -1455 -527 2988
AVG 3394 6889 7083 10005 8903 8519 3~12 2704 -836 -2120 .1240 1384

1968-1977 NO DRY WATER YEARS

1978-1992 1981 1743 -304 2997 3303 190 5077 -635 1595 394 -1920 -3947 -1350

1985 4817 3287 2607 1493 238 268 720 352 -1482 -2790 -3788 -2471
1987 1189 1424 1502 .176 1509 4585 308 143 -263 -3306 -3976 -3437
1989 -75~ 658 343 -3256 462 1850 -3068 -138 -535 -3411 -5023 -2827

AVG 1748 t266 1882 34! 389 2948 -~59 4~9 ,472 -2857 -4t76 -252t

1993-1994 NO DRY WATER YEARS

1995-1997 NO DRY WATER YEARS
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Appendix E-5. (Continued).

HISTORIC’ :)WEST {CF$| - AVI ~RAGE MC ~NTHLY B~’ WATER-’ fEAR TYPE

YEAR TYPE~ YEAR .,
WET PRE-1945 1938 3169 6848 14910 12581 43323 54321 37467 41937 44023 15243 3113 2902

1941 2992 3846 11269 19735 28102 33492 29932 32215 26343 ~)93 1623 1977

1942 3828 4694 13~39 23172 27542 17068 26947 28404 28235 8081 1146 2344

1943 3696 7512 10411 19748 25946 42760 29878 21393 142~3 1609 866 lg16

AVG 3421 5725 42807 18809 31228 36910 3105~ 30987 28216 0~07 1687 2285

1945-1950 NO W~TWATER YEARS

1951-1967 1952 3283 5139 13175 27966 28230 29~87 35466 42230 30897 4404 517 2113

1953 2763 4843 11049 18970 9189 7897 10234 12711 13001 -1275 -1980 1320

1956 519 2812 36345 52711 28819 16060 12850 22852 15360 383 -1056 2352

1958 4834 4698 7132 11225 26354 30603 53349 32695 21477 5153 2513 5ggO

1963 7240 7134 8243 8092 25844 10430 23945 10331 8915 627 317 4884

19~5 3639 8240 21685 33380 15297 11508 20105 8358 6200 080 1541 4946

19~7 2895 7550 13455 15020 15449 16025 28951 29707 24846 13~68 2580 6368

AVG 3,~8 5774 15869 23909 21026 17471 25427 23564 1782~ 340~ 833 38~3

1966-1977 1969 -185 3320 8905 29445 50953 40470 30054 30222 31285 6627 2053 8193

1970 10021 10395 10969 33002 21702 16334 3145 3561 1202 ~61 751 446~

1071 5125 7523 18630 13086 89~6 6474 4358 5032 4944 420 518 5387

1974 4241 9080 13155 22973 8611 13061 15310 8982 2947 ~099 -1414 6214

1975 0821 10815 9265 6005 12089 14259 8820 10055 9112 1768 -1046 1909

AVG 8205 8227 11785 20902 20464 18119 12337 11170 9898 t05t 332 8234

1978-1992 1982 409 5328 8935 19562 14938 19739 37562 22517 9813 7888 2246 10581

1983 11655 13931 26777 26707 46544 67378 48520 42361 30127 20937 10246 16804

1984 19719 27141 38325 36069 12819 7538 1312 20~9 804 -1450 -1811 3990

1986 -1460 608 -1103 200 20838 45164 23440 7149 4209 -993 -2189 -545

AVG 750t 11752 18234 20035 28035 34960 27708 18524 t125~ 8595 2178

1993-1994 NO ~ YEARS

1995-1997 1995 -107 208 -769 10951 8202 34773 29762 3160~ 15035 4298 11t5 6234
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Appendix E..6. Simulated Average Monthly QVVEST Flows (cfs) by Water-year Type for Existing
Operations to 1995 Bay-Delta Plan. DWRSIM Model-run 420 Using 71-year Period of Record. W-Wet, B-
Below Normal, D-Dry, C-Critical, A-Above Normal.

QW~ST (CFS)
, , j~l’l~lU I~)I~I~’L RLIN ,d~. 4i~ ~YJ)[=I TA PLAN

1922 A -~94 -1427 -2594 -1692 6796 4526 2341 5863 21 2024 1001 -72~
1928 A -2252 -3~59 -,3848 -1727 -371 10792 1463 1552 -123 -2793 -1714 -1110
1~40 A -1636 -1737 -2453 755 3979 5745 4045 2059 103 -,3234 -2047 -1017
1951 A -2862 4108 13840 ~462 6416 2450 1815 2439 163 ,,32~4 -1767 -1273
1954 A -1804 -2263 -4207 -2219 3443 2513 3024 1458 -78 -3358 -2057 -1374
1957 A 1468 -4311 -2041 -3698 -85 2675 1172 2204 *10 -3359 -3191 -1252
1973 A -2660 -1446 -4500 5060 10477 8353 1906 2251 -179 -1691 -1512 -1296
1978 A 843 73 -4438 7784 10073 9490 7897 3814 2118 2182 769 -1728
1980 A -1041 -2465 ~2913 15731 27751 23860 3061 2475 2045 2268 496 -1937

AVG -1t71 -1459 -14~2 3152 7509 1’823 2~9 2879 451 -1251 -1114 -1302

1923 B -1359 -2111 3162 4584 5753 -12 2629 2274 247 -3728 -2598 -1031
1935 B 600 -1867 -2419 -2735 -765 -841 5387 1450 964 -3571 -1886 .847
1936 B -1245 -1723 .2048 -1745 11669 -1896 2116 2309 445 -344-4 -1534 -756
1937 B -916 -1446 -4103 -2511 6603 10666 2337 2619 2527 -178 -431 -655
1945 B -2142 -3288 -2975 -2847 5417 2212 1813 1812 60 -739 -1125 -809
1946 B -1928 -2718 5172 -452 900 -976 1893 1795 14 -2976 -1825 -957
1948 E~ -2090 -2213 -2654 .4664 -1938 -840 2009 915 363 -3797 -3889 -3817
1950 B -1584 -186~ -1826 -2003 -1809 -2001 1648 1788 -129 -3818 -4075 -1392
1959 B 1514 -95C -195~. 2312 8397 -718 639 728 -158 -3514 -1859 -1722
1962 B -148C -1614 .43~ -203~ 3298 -3084 1092 1183 -300 -3829 -2746 -1412
196E B -205~ -271,~ -2454 -2313 o1223 -101~1 1173 1008 -125 -3907 -2955 -1352
1968 B 2667 -738 238 3927 8887 2384 1062 953 -150 -3399 -1670 -1320
1972 B -2081 -444? -2287 -2587 -253,4 -2066 1183 901 -103 -3986 -3609 -1123
197~ F~ -106~ -3915 -1498 -838 8824 3829 168~ 2426 -145 -99" -833 -835

AVG -~4.8 -2244 -1425 -993 3677 403 1919 1583 251 -2992 -2217 -1273

1924 C -1349 -2000 .4373 -4468 .3027 -1067 228 334 165 -1610 .869 45".
1929 C -522 -2382 .4233 -2851 -2656 -172 538 623 313 -2388 668 324
193~ C 698 .-6~: -13~,7 -3155 -1113 -591 138 773 281 -285 2559 918
1933 C 605 -787 -1231 -3470 -2292 .849 942 1267 626 303 2325 570
1934 C 168 273 -3102 -3505 675 -2411 130 488 29 122 2223 470
1975 C 75 -2795 -409~ -3092 -4838 -2129 333 344 .39 -1167 234 92
1977 C .231 -10~ .4971 -2896 -2430 .347 372 863 2456 1181 2064 1044
1988 C -567 -1275 .-4452 -4705 -2497 -1442 624 783 151 -1919 -738 8
1990 C 389 34; -279~ -4547 -1744 -1161 279 1254 -48 -2019 -~20 783
1991 C 890 -240 -1608 -1718 -2855 -3594 397 876 362 -2077 ~65 -86
1992 C 68~ -9 -166~ -2293 -1556 -1835 463 564 53 -2213 -42 61

AVG 76 .~66 -3082 -,3336 .2212 -t416 404 1’43 397 -10~8 797 422
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Appendix E-6. (Continued).

QW~ST (CFS)
~P.IM MOnP! RtlN 4~/~ - Ifl~ RAY.I31=LT& PLAN

WATER’ WATERIYEARII YEARTypE

OCT I NOV I DEC

JAN FEB MAR APR MAY I JUN I JUL AUG 8EP

1925 D -1672 -1536 -2510 -I 300 1398 -1630 2251 2223 119 .32fl9 -2240

1926 D -2137 -1436 -1920 .4192 -1309 -1248 2382 1376 -40 .3407 -2218 -1089

1930 D -1452 -1791 -3452 -2421 -876 .3505 582 828 40 -1810 -309 -493

1932 D -629 -262 -2624 -3259 3151 1604 1231 2376 3951 1096 1006 .636

1939 D 877 -3468 -489 1151 1630 -621 585 902 -42 -3469 -1786 .~95

1~44 D -2152 -4169 -1785 -3700 -881 -2032 10~0 1516 25 -3068 -1719 -e04

1947 D .1564 -1936 .3837 -4431 -,3616 -1764 721 881 104 .4026 -,3352 -1143

1949 D -3358 .2529 -2863 -2515 -2053 1275 1246 1411 -72 -2163 -1688 -1180

1955 D -1109 -40~8 .4590 -489 -3497 -626 1218 - 1389 -108 -4028 -4450 -3152

1960 D -1975 .2042 -5110 -2940 -3578 -1832 436 713 -28 .4130 .4160 -1263

1961 D -1661 -2576 -4923 -2506 -4502 -2457 185 660 -17 -4280 .4286 -1146

1964 D -2758 .3210 -3574 -3566 -1752 -140~ 761 971 247 -4012 -4423 -1568

1981 D -456 -3123 -1530 828 153 2227 879 931 -24 -3516 -1768 .904

1985 D -1270 -685 -1247 759 -1789 -597 1044 1025 59 .4023 -3538 -1058

1987 D -193 -2296 .1034 -2913 -3789 -2670 257 488 -22 .4203 .2602 -916

1989 D 832 -1058 -1937 -29~6 -3078 -2418 391 629 82 .4436 -4191 -1086

AVG -1294 -2263 -2714 -21~4 -t524 -1119 853 1145 267 -3298 -2507 -1157

1927 W -2017 -3216 -5061 -3456 7641 2584 5693 2349 364 432 -621 -744

1938 W -763 -3695 1025 -1831 30396 34443 9792 14185 5650 2037 935 -1377
1941 W -1450 -2650 -1567 5773 11055 13333 12333 3862 1251 2271 1135 -2098

lS4,~ W -101 -2897 709f, 13190 16385 1483 7047 3492 -389~ 2307 1101 -2024

1943 W 1503 .1475 16 13651 12690 20922 2738 3768 743 268 -138 -731

1952 W -219~ -3730 1692 12926 6838 9643 10088 9619 1768 -637 259 -725

1953 W 1599 -74~ 3137 11503 3261 ‘456 1407 -37 -5738 -709 87 -2405
1956 W -661 -2436 3680 23987 8387 -1315 2022 4015 2123 602 -1360 -3193
’195~" W -2312 -3745 ‘4628 -1116 11701 18606 23527 4632 1274 218 -1014 -1901
19~3 W -~387 -4061 -4856 -3593 6739 -600 11008 1541 1032 -655 -1377 -2295
19~5 W -843 -3885 3353 12650 -1788 -1472 5710 2532 222 -2553 -1023 -1085
196: W -1807 ‘4292 -518 3675 1137 7566 10646 6752 4086 2304 -118 -1365

196~ W -2191 -2837 -2701 14284 27425 10934 10599 22307 12383 2295 432 -519
197C W 4912 1098 5148 32049 13897 4575 1533 1379 154 -2359 -1152 -1150
1971 W -2~40 -1108 5039 -675 -1599 -587 1325 671 -127 -1670 -1598 -3239
197,~ W -2599 167(~ 3723 8634 1954 12977 4999 2716 699 -648 -961 -2498
1975 W -818 -3205 -3344 -832 11676 12443 2379 2416 802 -471 -1400 -3165
1982 W -1735 -3255 3514 10337 12011 22912 38733 18523 4497 885 -816 2372
1983 W 6521 1093~ 29442 36695 58485 72956 40015 33069 31521 19117 1859 11480
1984 W 14898 22538 38970 31768 15830 8068 2163 1771 816 -1382 -407 -2501
1986 W -1700 -2249 -3970 -2512 34679 37062 13505 3981 2275 , 1344 195 -932

AVG 86 -631 3771 10338 13705 t3~13 10348 ~,15 2~48 1086 -2~5 -~57
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Appendix E-7. Simulated Average Monthly QVVEST Flows (cfs) by Water-year Type for Future Operations        II
to Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal.

I"QwE~T (CFS)
DWRSIM MO~L RUN 414 - INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND

WATER" !TYPE I NOV    JAN FEB MAR    IMAY JUN 4UL    I

1928 A -1238 -5118 =4871 ,4692 -1335 11160 1566 1531 -320 -1~06 -3~75 ,622 ¯

;1940 A -880 -1567 -2916 .1271 866 3552 3030 2036 -152 -2802 -1662 -1987
1951 A -2216 873 12838 12643 9271 1922 1987 2476 -34 -I0003 -2525 ..30~ 1
1954 A -2933 -6515 -3731 -7168 2417 2118 1684 1450 -253 -2981 =4288 -1162
1957 A .3193 -4428 -1743 .3943 271 1890 1313 2281 -168 -10557 -2623 -3215
1973 A -1694 -4731 -7836 4480 14809 9726 2121 2313 -286 -3~66 -2607 -1162
1978 A 880 -152 -4334 3780 11544 7934 6485 3258 2796 16 -1401 -1010
1960 A -1173 .3906 .6914 12724 27291 23297 2492 2623 1566 -2753 -1727 .843

AVG -1442 -3028 ~ t428 1422 74t5 2594 2453 21 -3~53 -2408 -1M9
I

1923 B -2623 -5404 1092 4154 2201 -978 2997 2330 34 -3063 -2248 -2323
1935 B 456 -1987 -2476 -2656 -T76 -554 3822 212 707 -2607 -1939 -1195
1936 B -1369 -2121 -2542 -4~40 10299 -1955 2273 2379 202 =4562 -2151 -1869 ¯
1937 B -880 -1869 -5272 -2590 4906 11828 2508 2658 17 -1711 -1515 -690
1945 B -1499 -3737 -.4448 -2835 6439 1890 1953 1857 -135 -2981 -1026 .690
1946 B .896 -5253 1597 1483 1010 .868 2104 1857 -185 -2476 -2493 .657
1948 B -2183 -2088 -2788 -4790 -1966 -733 2222 407 168 -11388 -3568 -2T78
1950 B .831 -1684 -1841 -4578 -3662 -1808 1835 1531 .387 -2998 -2T70 -2340
1959 B -2753 -5017 -2493 -228 7555 -1303 808 733 -354 -4106 .3877 -2660
19~2 B -130 -1751 -4431 -1955 1407 -2916 1515 1173 -539 ..3959 -3910 -1027
1966 B -1825 -6943 -3861 -2183 72 -1988 1397 1010 .320 -5181 -4936 -1953
1968 B -2134 -1751 -1450 2085 7359 1564 1263 945 .320 -4529 .3780 -2407
1972 B -3112 -43~ -5979 -4383 -1623 -16~4 1178 895 -286 -5539 -3552 .2677
1979 B -2362 -3485 -2933 -1955 4708 3{)43 20~>4 2476 -387 -4643 .3421 -1010

AVG -1581 -3320 -2773 -1748 2709 330 1995 1462 -127 -4267 -2~42 -1734

1924 C -114 -1970 -5279 -2949 -3247 -342 438 277 135 .440 1678 1178
1929 C -261 -2424 -4008 -2819 -2742 342 791 603 285 -2232 1548 404 ¯
1931 C 733 185 -3389 -2916 -1082 -619 337 733 236 244 2770 791
1933 C 668 572 -717 -3D47 -1966 -652 673 1287 101 -1531 1662 404
1934 C 114 152 -3307 -4859 1227 -2493 152 489 690 .880 2069 623
1976 C ,.,,220 -5892 .1564 -2558 -3662 -1825 556 358 -101 -3438 -733 286 ¯
1977 C -98 -1094 -5002 -652 -2~15 -1124 303 749 2340 1043 2134 1027
1988 C 1303 -1128 -4790 -7836 505 -1564 774 1450 758 -2476 1254 909
1990 C 81 -101 -4220 -5735 -1659 -1059 505 1254 -118 -3128 1287 808
1991 C 89~ -539 -1939 -1971 -3066 -3486 471 847 303 -1385 863 -522
1992 C 652 84 -717 -2216 -3716 -1694 657 521 0 -1466 1450 606

AVG .22 -tt05 -3175 .3396 -2002 -1320 ~14 779 421 -1426 1453
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Appendix E-8. Simulated Average Monthly QWEST Flows (cfs) by Water-year Type for Future Operations
to State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Normal, D-Dry, C-
Critical, A-Above Normal.

QWEST (CFS)
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5 - DVVRSIM MODEL RUN 524

Year l~’~ar Twel , ,,
1~Z2 A -1414 -2808 -2543 ,,~559 ~3 ~ ~ e~05 1550 67 ,,~104
1~28 A -1187 -2720 .3483 -4128 t331 12560 2540 -166 -490 ,4044 -4346 -2039
1940 A 74 64 ~0 1198 9506 12082 5570 2342 1129 -3209 -3647 -1530
1951 A -2275 7447 1~821 13744 10057 5813 20~ 1583 -64 -3396 -3845 -2879
1954 A -2629 .3082 -5091 ,3433 ~093 3647 3248 °290 -209 -3~54 ,407~ .3234
1957 A 1094 ,4336 -4688 ,4387 2079 4103 1207 1308 -130 .3551 ,4129 -1611
1973 A -2340 -1469 -4888 6308 16246 12127 1~08 901 -451 -3702 -4190 -2903
1976 A 2347 10 -3944 5155 9240 15785 15813 5497 2887 1596 °1783 -3231
1980 A -2014 -3923 -2790 21214 40704 17680 3736 2154 2897 2239 -219 -2670
19~3 A 1893 -216 -2770 6407 ~691 5632 3621 1897 -2770 -595 -1785 -1646

AVG .4t4 -t002 -192t 3774 ~ 8~19 3828 11~ 377 -tl59 -2737 -2224

1923--- B -1172 -2642 3076. 3414 4845 -371~ 3513 1190 -48 -3649_
1935 B 1595 -17i~2-1809-2191 1399-16585483 4380 893 -4285 -2086 -1238

1929 C -2970-3333-4233 -4925 .2940 -222 256 -556 939 1038 126.~ 26

1933 C 62 -78~ -651 -3280 -2324 4 334 660 2401 1619 3076 25
1934 C 19 1715 -3941 ..4571 329 100 140 -469 -40
1976 C 1348 -3175 .4672 .5177 .869 -1880 227 -890 -1356 -4598 -1966 56
1977 C 1182 -765 -45f, -682 1290 509 224 1809 2e50 2351 1063 17
1988 C -781 -30 -4502 -4370 -2425 -815 449 .389 -858 ,482 2004 26

-2782 -1836 132 315 -1350 .3695 540 -4731990 C
1991 C 284 -670 .~44 224 2743 -2333 187 -342 913 23 160 23
1992 C 2245 -294 -657 -,3811 2~61 -1467 746 -511 -363 -1100 1533 29
1994 C -1522 -1928 -428~ -4553 1814 -2125 281 -15 -1152 -5176 -4913 ,492

AVG -366 -1207 -2135 -3489 .~| -820 271 -4 319
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Appendix E-8. (Continued).

’ " QWEST (~FS) ’

 T/ TE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5 - DWRSIM MODEL RUN 524
lw.,,r lw -I o= I I I ,= l’w, I ,I

’y’ear Wear Tv~el I        I I I ,, I        I l I I I ,, i

1,25 D 2125 27 -3103-135,3875 262 3119 1523 1628 .3601 -~, 36

1926 D -52 -1646 -3739 .4565 .467 -1294 2396 -20 -~7 -3576 1741 o1341
1930 I~ 2058 18 -4991 -3417 -1336 1291 755 -474 -1319 -5198 -3389
1932 0 14 1599 -1360 -2889 ~59 3123 1091 178 -’~6 -4301 -10e6 62
1939 D ~96 -2826 .2535 3181 2151 -217 636 120 -841 .4537 -4138 74
1944 D .2160 -4270 -4410 -3191 5545 1S91 1708 645 -601 -4476 -4405 .873
1947 D -273’0 ,.3586 -3192 -4791 .2593 304 849 -198 -1122 .8026 -4832 -1510
1949 D °2863 -4373 -4914 -5164 -3247 1184 1071 -353 ~ -4923 -2306 -799
1955 I:) .,3096 -3146 -4638 -899 -2532 -2065 1215 -14 -1076 -8015 -2851 -258
1~60 0 -3229 .2170 -1919 -4647 -3381 4r~56 551 -503 -11~2 -4979 -671 -2~
1961 D -1943 -3779 .8032 -4107 -4869 .2858 297 -602 -1459 .,5016 -4736 57
1B6~ D -2286 .3555 -4985 -3494 .2028 .2110 632 .320 .840 -51~4 .4873 .3531
1981 D 42 .3395 -4557 3857 2110 2939 956 114 -853 -4680 -4647 -939
1985 D .2911 -2372 -2249 .4749 291 -174 802 -388 -964 -4999 -4816 -3238

1989 D 1355 -1138 -1179 .3795 1127 -1531 4 -746 -1119 -5059 -858 .2204
AVG -743 .2277 .3S88 .2~05 1t3 8t ~1 -t03 -848 .4719 .2~$2 .503

1927 W .2111 -1965 -4766 .3110 14035 3909 6729 1078 860 .3511 .2898 -1740
1938 W .2080 -1930 2086 1980 42141 46291 21451 25703 6045 1395 -1714 -11(~
1941 w -2522 .4~4~ -705 650~ 17974 14476 9789 6200 4112 1247 -893 -2291
1942 W 1778 -2975 3662 17780 21616 4410 7687 5243 -1484 305 -1853 .2987
1943 W 3001 .453 .2341 20017 16907 32457 5399 2647 1075 .40 -430 .2050
1952 W .2624 .3689 1813 15034 10201 19481 16106 17911 3642 -722 -3120 -922
1953 w 4656 .33~1 290g 12445 5375 835 1605 61 .5278 -3421 -4025 .3379
1956 W .2295 -1753 16614 34"~11 17560 5646 2401 4885 3778 .2603 .3236 -2523
1958 w .1084 .3542 -3069 -1465 14879 24081 24900 11840 4180 -824 -3383 -480
1963 w 224 .3456 -8298 .3573 5315 -1219 11219 2697 594 .-3488 -4105 -2680
196~ w -624 .3788 5653 17267 2140 1054 6566 2746 1085 -1991 -1447 -2616
196; w -2693 .3964 -1651 4~40 3219 12089 18044 16981 8644 3059 .2756 .207
196-~ w -2940 .3997 -2312 23797 46297 24000 23824 27008 14976 1314 -2010 585
197~ w 4707 -2790 3955 37335 15401 6118 1582 966 .70 .3556 -3926 -1550
1971 W .2119 .1240 3584 -516 754 4797 1452 868 -471 -3412 -4010 .2734
1974 W .2218 1163 4178 11051 4546 17684 5981 1910 795 .3032 -3706 -993
1975 w 148 .3407 .3781 -2733 12139 16829 3049 2316 2521 -3029 -3642 .2214
lg82 W .2015 .3523 2938 13711 26671 26071 39805 12625 6525 -420 .2696 1466
1983 W 5444 7650 23314 38922 57283 66812 26260 24667 36003 10567 -1755 400
1984 W 9898 23253 38166 21489 13339 5735 1782 1286 -82 -3222 -3020 -1286
1986 w .699 -1066 -4319 -2161 44987 35634 6587 2867 4123 1077 °700 .2551

AVG 167 .~01 3839 13475 IM04 17380 1t528 82t5 4457 491 .2525 .1~Q7
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Appendix E-9. Average Historic Monthly Delta Export/Inflow Ratio (%) by Water-year Type and T~ime Periods Representing Major Changes in
Water Flow Management Within the Sacramento River system and Sacramento-San Joaquin Bay-Delta Estuary, California. Data from Depadment
of Water Resources DAYFLOW.

i ...... HI~TORIG,DELTA EXPORTIINFLOW RATI( )I%) .- AVERAGE MONTHL~Y BY WATER-YEAR TYPE ,, I

¯ ,     I    I. I    I    I,    I I
ABOVE PRE-1945 1940 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

NORMAL
1945-1950 NO ABOVE NORMAL WATER YEARS

1951-1967 1951 1% 0% 0% 0% 0% 0% 0% 0% 1% 8% 12%
1954 4% 0% 0% 1% 2% 2% 4% 5% 24% 37% 29% 16%

1957 5% 1% 1% 1% 8% 4% 11% 9% -19% 35% 30% 15%

AVG 3% 0% 0% 0% 3% 2% 5% 5% 15% ~% 23% 13%

1968-1977 1973 35% 15% 12% 4% 1% 2% 14% 32% 41% 46% 44% 30%

t978 16% 38% 44% ;~4% 21% 9% 5% 8% 39% 49% 46% 34%

AVG 25% 25% 28% t4% 11% ~% t 0% 20% 40% 48% 45% 32% r~.

1~75.1992 1978 16% 35% 44% 24% 21% 9% 5% 8% 39% 49% 46% 34%

1980 49% 33% 29=/, 8% 10% 5% 16% 17% 24% 3t% ,~4% 38%

AVG 32% 35% 35% 1~% t $% 7% t t % 12% 32% 40% S0% 3~% (%1

19~3-1994          1993                23%                32%                 35%                 23%                 18%                 12%                 12%                 12%                 14%                39%                 45%                58%
I

t995-1997 19~e 30% 38% 19% 33% 6% 5% 9% 9% 35% 44% 45% 52%

1997 62% 55% 15% 1% 2% " 20% 23% 18% 38% 42% 42% 61%

AVG ~ 4~% 17% t7% 4% 13% 1~% 14% 37% 43% 44%
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Appendix E-9. (Continued).

HISTORIC DELTA EXPORTIINFLOW RATIO(%I - AVERAGE MONTHLY BY WATER-YEAR TYPE I
I WATER-I PERIOD

WATER OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

BELOW PRE-1945 1935 0% O% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
NORMAL

1936 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1937 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
AVG 0% 0% 0% 0% 0% 0%

1945-1950 1945 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1~48 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
t948 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1950 0% 0% 0% 0% 0% 0% 0% 0% 0% f % 1% 1%
AVG 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1951-1967 1959 8% 3% 1% I% 2% 7% 21%, 22% 4t% 37% 28% t7%
1962 19% 8% 2% 4% 1% 2% ~% t3% 22% 37% 30% 16% :r~.

1966 1 0% 3% 0% 0% 3% 9% 15% 23% 40% 38% 33% 20%
AVG t2% 5% 1% 2% 2% 6% 15% 1~% 34% 37% 30% t $% (%1

19~8-1977 |9~8 9% 6% 3% 5% 4% 12% 35% 30% 39% 39% 35% 39%
1972 20% 17% 10% 7% 15% 27% 44% 47% 38% 33% 43% 38%
AVG t4% 12% 7% 6% t0% 20%

I
1978-1992 1979 32% 34% 37% 17% 10% 12% 31% 29% 41% 51% 59% 55%

t993-1994 NO BELOW NORMAL WATER YEARS

t995-1997 NO BELOW NORMAL WATER YEARS
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Appendix E-9. (Continued).

.    HI,~TQRJ~,pELTA EXPORTIINFLOW RATIOI%| - AVERAGE MONTHI:Y BY W~TER-YEAR TYPE .......

CRITICAl. PRE-1945 1931 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1933 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1934 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

AVG 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1945-1950 NO CRmCAL WATER YEARS

1951-19~7 NO CRITICAl. WATER YEARS

1969-1977 1976 31% 30% 27% 46% 52% 52% 37% 46% 35% 32% 47% 60%

1977 48% 47% 32% 64% 48% 53% 21% 37% 11% 10% 20% 28%

AVG ~ 38% 29% 55% S0% 53% 29% 4t% 23% 2t% 33% 43%

t978-1992 1988 54% 56% 56% 41% 75% 62% 45% 48% 47% 50% 59% 62%

1990 69% 63% 62% 58% 70% 71% 58% 30% 31% 43% 45% 55%

1991 41% 43% 44% 49% 49% 37% 61% 31% 20% 25% 38% 40%

1992 52% 38% 30% 54% 18% 49% 26% 24% 21% 17% 28% 43%

AVG S4% 50% 48% 5t% 53% S5% 4"/% 33% 30% 34% 42% SO%

1993-1994 1994 64% 49% 48% 36% 27% 27% 18% 18% 20% 33% 45% 46%

1995-1997 NO CRITICAL WATER YEARS
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Appendix E-g. (Continued).

HIST()RIG DELTA EXPORTIINFLOW RATIO(%| - AVERAGE MONTHLY BY WATER-YEAR TYPE

DRY PRE-1945 1930 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1932 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
1939 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1944 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

AV(~ 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1q45.1050 1,q47 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
f q,f.q o"/* o"’. 0% o% 0% 0% 0% 0% 0% 0% 0% 0%

,’~vo 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

1951-1967 1955 8% 2% 0% 0% 2% 11% 19% 11% 25% 33% 31% 18%

1960 14% 8% 3% 2% 2% 7% 15% 16% 35% 38=/= 35% 20%

1061 19% 5% 0% 2% 2% 7% 20% 21% 38% 44% 34% 22%

1 984 12% 2% 1% 2% 7% 14% 24% 22% 33% 3~% 34% 17% r~.
AVG 13% 4% ’t% 2% 4% 10% 19% t7% 33% 3B% 33%

1968-1977                 NO DRY WATER YEARS 14")

1978.1992 19~1 42% 44% 35% 45% 28% 20% 47% 29% 33% 42% 58% 48%

1985 31% 30% 22% 28% 35% 49% 47% 39% 43% 51% 62% 61%

1987 38% 42% 42% 40% 37% 25% 49% 42% 42% 52% 60% 67%

1989 52% 50% 52% 74% 61% 25% 47% 37% 38% 40% 59%. 62%

AVG 4t% 41% 38% 47% 40% 30% 47%~ 37% 31~% 48% ~

1993-1994 NO DRY WATER YEARS

1995-1997 NO DRY WATER YEARS
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Appendix E-9. (Continued).

i "’ HISTORIC DEL:rA EXPORT/INFLOW RATIO~%|,:.~VI~RAGE MOI~THL~ BY W/~T~R-YF-~ T~, !~ ’" I

I~,~R’~EI , I "~’~ I .... I I I I I I I I ,, I ,, I !... I
1.1 0% 0% 0% 0% 0% 0% 0% o~ 0% 0% ~     o~
1943 0% 0% 0% 0% 0% 0% ~ 0% ~ ~ ~ ~&

1945-1950 NO W~.T WATER YFAr~

tgSt.le~R7 lg52 4% 0% 0% 0% 0% 0% 0% 0% 0% 4% 8% 4%
1953 4% 1% 0% 0% 1% ~% 5% 5% 8% 24% 25%
1956 14% 4% 1% 0% 0% 1% 2% 1% 4% 21% 22% 11%
1959 8% 2% 1% 0% 0% 0% 0% 1% 2% 16% 20% 10%
1963 9% 4% 0% 3% 1% 8% 1% 5% 15% 30% 31% 12%
t 965 20% 5% 0% 0% 3% 8% 2% 9% t6% 30% 25% 12% r~.
1 g67 18% 6% 1% 3% 2% 5% 2% 2,/, 3% 11% 24% 12%
AVG 11% 3% 1% t% t% 3% 2% 3% ~/~ t~% 22% 10%

1968.1977 1969 48% 33% 15% 9% 3% 4% 4% 5% S% 17% 24% 10%
1970 9% 5% 2% I% 2% 5% 28% 24% 34% . 39% 28% 15%
1971 t5% 8% 2% 3% 10% 16% 11% 14% 19% 29% 2~% 15%

/1974 30% 13% 4% 2% 9% 8% 5% 21% 32% 45% 37% 18%
1975 10% 7% 10% 24% 13% ~ ~% 16% 15% 15% 25% 42% 33%
AVG 24% 13% 7% 8% 7% 9% 13% t8% 2t% 30% 32% 18%

1978-1992 1982 52% 24% 7% 6% 13% 12% 7% 9% 11% 17% 32% 17%
1983 19% 18% 1 ~ % 15% 6% 2% 3% 3% 6% 1 I% 20% 11%
1984 7% 3% 2% 2% 13% 17% 35% 31% 34% 39% 44%
1988 64% 58% 57% 43% 7% 2% 12% 27% 33% 42% 53% 47%
AVG 58% 29% t9% t~% 10% ~% ~4% t8% 2t% ~ 37% 25%

1993-1994 NO WET YEARS

lg95-1997 1995 53% 55% 44% 19% 12% 4% 4% 5% 13% 2~% 38% 24%
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Appendix E-10. Simulated Average Monthly Delta Export/Inflow Ratio by Water-year Type for Existing

i Operations to 1995 Bay-Delta Plan. DWRSIM Model-run 420 Using 71-year Period of Record. W-Wet,
Below Normal, D-Dry, C-Critical, A-Above Normal.

DELTA EXPORTIINFLOW RATIO(%)I ~)WRSIM MODEL RUN 420 - 1995 BAY-DELTA PLAN
NATER- ~V~,TER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL NJG SEP

YF.~R I
"rYPE ’I 1922 A 55% 54% 57% 86% 26% 24% 28% 16~ 27% 21% 34%

1928 A 59% 34% ~0% 42% 27% 8% 23% 27~ 35% 43% ¯ 44% 51%
1~40 A 57% 50% 63% 40% 21% 10% 11% 29~ 35% 45% 48% 53%

1954 A 47% 40% 59% 27% 12% 18% 15% 25’~ 35% 45% 45%
1957 A ,=0% 59% S~% 91% 23% 19% 2~% 27~ 39% 45% 4=’/.
1973 A 60% 42% 37% 14% 12% 14% 28% 29"/ 35% 40% 45% 52%

i .1978 ~ 46% 43% 50% 13% 9% 7% .13% 25% 34% 13% 34% 55%
1960 A ~0% 49% 48% 11% 6% 9% 27% =2~ 33% 2’1% 36% 58%

AVG 34% 43% 49% 31% t7% 14% 22% 27% 34% 39% 42% 63%

i

1923 B 46% 46% 28% 25%. 15% ~ 35% 26% _930% 35% 48% 51% 53%
1935 B 49% 54% 57% 38% 35% 35% 18% 22%" " 3~% 46% 49%
1936 B 57% 52% 55% 35% 17% 31% 27% 31% 35% 47% 48% 53%
1937 B 55% 51% 60",; 65% 27% 23% 28% 32"/. 24% 35% 43% 53%
lg45 B 57% 62% 57% 65% 21% 26% 32% 29% 35% 38% 47% 53%
194~ E 63% 48% 14% 21% 25% 35% 32% 28% 35% 46% 48% 53%
1948 B 60% 54% 53% 63% 35% 35% 24% 22% 35% 48% 53% 58%
195~ B 59% 53",;; 52% 50% 30% 35",~ 25% 28% 35"/. 48% 53% 52%

I¯

,959 B 40% 40% 52% 17% ,0",. 27% 27% 27% 35% 47% 46% 55%
1962 B 5791; 54% 57% 56% 21% 35% 27% 26% 35% 48% 50% 52%
1966 B 55% 36% 58% 36% 32% 26% 28% 26% 35% 48% 49% 51%
1968 B 34% 38% 36% 13% 7% 16% 28% 28% 35% 46% 47% 51%

I 1972 B 51% 58% 43% 51% 34% 26% 28% 27% 35% 48% 51% 55%
1979 B 50% 58% 51% 35% 16% 21% 29% 30% 35% 38% 44% 52%

AVG 63% 50% 48% 41% 23% 28% 27% 25% 34% 45% 4~*/. 53%

192~ C 59% 54% 58% 65% 45% 29% 26% 27% 35% 41% 42% 42%
192c- C 54~ 57% 61% 64% 45% 29% 25% 26% 35% 44% 31% 43%
193! C 47% 50% 50% 65% 45% 35% 25% 28% 35% 34% 4% 38%
1933 C 47% 49% 51% 65% 45% 35% 23% 29% 32% 31% 13% 42%I 1934 C 52% 44% 57% 56% 35% 35% 23% 27% 35% 31% 11% 43%
1976 C 41% 46% 59% 58% 45% 35% 25% 26% 35% 38% 36% 45%
1977 C 55% 40"‘; 57% 58% 41% 31% 25% 27% 12% 18% 12% 38%
1988 C 54% 51% 60% 40% 35% 35% 26% 26% 35% 42% 43% 46%I 1990 C 49% 38% 51% 60% 35% 35% 23% 28% 35% 41% 43% 40%
1991 C 48% 43% 49% 54% 43% 35% 23% 27% 35% 41% 28% 47%
1992 C 52% 40% 49% 59% 35% 35% 23% 27% 35% 43% 38% 48%

i AVG 91% 47% 65% 99% 41% 34% 24% 27% 33% 37% 27% 43%
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Appendix E-10. (Continued).

DELTA EXPORT/INFLOW RATI’O(%)
D~I~SIM MODEL RUN 420 - 1995 BAY.DELTA PLAN ¯q~NATER- WATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

YEAR

1425 D 85% S2% 60% 57% 22% 35% 24% 29% ~5% 47% 48% 51% ¯q1826 D 87% 84% 55% 61% ~0% 35% 24% 27% 35% 47% 48% 51%
1930 D 85% 80% 55% 47% 35% 35% 23% 26% 38% 42% ~9% 51%
1932 D 85% 51% 61% 57% 35% 20% 25% 27% 14% 25% 31% 49%
1939 D 39% 52% 43% 39% 30% 35% 25% 26% 35% 48% 47%
1944 D 35% 58% 64% 65% ~; 34% 25% 25% 35% 48% 47% 52%
1947 D ~ 58% 60% 65% 45% 35% 25% 28% 35% 49% ~ 51%
194S D 61% 54% 57% 52% 45% 21% 29% 26% 35% 44% 47% 51%
1985 D 57% 55% 40% 47% 45% 35% 28% 27% 35% 49% ~% 58%
1960 D 58% 50% 58% 54% 37% 35% 23% 25% 35% 49% 64% 51%
1961 D 58% 58% 58% 55% 33% 35% 25% 25% 35% 49% 54% 53%
1964 D 64% 30% 58% 38% 35% 35% 28% 27% 35% 49% 55% 52%
1981 D 51% 60% ~17% 25% 24% 20% 27% 28% 35% 48% 47% 52=/=
1985 D 50% 26% 35% 42% 38% 35% 27% 26% 35% 49% ~3% 53%
1987 "          D 63%- 57% 58% 61% 45% 30% - 24% 25% 35% - 49% 49% 51%.
1989 D 48% 48% 53% 89% 45% 27% 21% 24% 35% 49% 64% 56%

AVG 85% 6~% ~3% 83% 35% 31% ~,~ ~ 34% 48% 4~%

1927 W 58% 46% 59~ 33% 10% 17% 15% 25% 35% 31% 43% 53%
1938 W 58% 30% 14% 33% 7% 4% 9% 11% 22% 28% 34% 52%
1941 W 59% 54% 23% 12% 10% 11% 9% 16% 35% 20% 33% 56%
1942 W 43% 46% 11% 8~/; 5% 22% 15% 19% 35% 20% 33% 58%
1943 W 40% 40% 24% 9% 129/. e=/, 24% 25% 32% 329/= 40% 53%
1952 W 58% 58% 21% 13% 14’/. 12% 10% 12=/. 21% 409/. 3~ 46%
1953 W 37=/. 39% 15% 5% 16% 26% 25% 24% 35% 36% 37% 53%
1956 W 54% 64% 14+/© 8% 129~ 25% 29=/. 18% 35% 30% 45% 58%

1963 W 28% 48% 37% 62% 11% 30% 8% 23% 35% 36% 44% 54%
1965 W 58% 58% 139/;. 10% 30% 35% 16% 27% 35% 43% 46% 53% i
1967 W 58% 60% 25% 22% 18% 10% 14% 15% 20% 43% 40% 48%
19~9 W 57% 57~+ ~�,~ 10% 9% 10% 12% 11% 24% 34% 35% 42%
1970 W 36% 34% 12% 2% 5% 15% 31% 31% 35% 42% 44% 52% ¯ i
1971 W 58% 41% 15% 20% 28% 20% 25% 21% 35% 40% 45% 56% i
1974 W 61% 15% 15% 9% 16% 8% 11% 27% 35% 36% 43% 47%
1975 W 44% 52% 53 °,.~ 43% 8% 8% 27% 22% 35% 34% 46% 55%
1982 W 58% 28% 11% 14% 12"/+ 10% 6% 16% 35% 41% 47% 39%
1983 W 25% 15% 8% 6% 2% 2% 6% 7% 9% 15% 44% 23%
1984 W 15% 69/~ 3=,~ 4% 8% 15% 30% 29% 35% 40% 43% 57%
1986 W 58% 58% 60’~ 53% 6% 6% 24% 35% 35% 27% 40% 58%
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Appendix E-11. Simulated Average Monthly Delta Export/inflow Ratio (%) by Water-year Type for Future
Operations to Interim South Delta Program Meeting Future Water Demands. W-Wet, B-Below Normal, D-
Dry, C-Critical, A-Above Normal.

DELTA EXPORT/INFLOW RATIO(%)
~)WR;~;~M MODEL RUN 414 INTERIM SOUTH DELTA PRO~;RAM AT FUTURE DEMAND

YEAR WATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 8EP
YEAR

1,22 , ~% ~s./. .5% ,5% 1.% 25% =~% 1.% =% .% 48%

1954 A eO% 60% 58% 43% 13% 16% 15% 25% 35% 44% ~

1957 A 61% 59% 52% 62% 25% 17% 26% 27% 38% 48% 47%

1973 A 60% 57% 50% 15% 9% 12% 28% 29% 25% 45% 48% 52%
1978 A 46% 47% 62% 20% 8% 10% 17% 31% 35% 31% 45%
1980 A 60% 61% 62./, 14% 8% 10% 30% 31% 35% 44% 47%

AVG E7% E2*/. ~3% 37% 17% 1|% 23% 27% 38% 41% 48%

1923 B 60% 60% 34% 26% 26% 35% 26% 30% 35% 46% 50%    56%
1935 B 49% 56% 59% 48% 35% 35% 18% 21% 35% 47% 48%
1936 B 58% 52% 57% 42% 20% 32"/, 27% 31% 35% 49% 49%
1937 B 55% 52% 85% 85% 31% 22% 28% 32"/, 35% 41% 48% 53%
1945 B 57% 63% 65% 65% 20% 29% 31% 29% 35% 46% 46% 54% .
1946 B 63% 62% 19% 17% 25% 35% 32% 25% 35% 44% 50% 53%
1948 B 60% 54% 53% 63% 35% 35% 24% 22% 35% 51% 52"/; 56%
1950 B 55% 53% 53% 62% 35% 35% 25% 26% 35% 45% 49% 55%
1959 B 56% 61% 55% 24% 11% 29% 27% 27% 35% 48% 52% 58% m
1962 B 51~= 55°.k 57=~= 56% 26% 35% 29% 2~% 35% 48% 53% 52%
1966 B 60% 47% 65% 36% 28% 30% 28% 26% 35% 50% 54% 53%
1968 B 51% 43% 45% 19% 9% 18% 28% 27% 35% 49% 54% 54%
1972 B 81% 59% 64% 59% 30% 25% 27% 27% 35% 51% 50% 58% m
lg79 B 60% 61% 55% 53% 26% 23% 28% 30% 35% 50% 52% 53%

AVG 87% ~.~% ~3% 4.~/, 28% 30% 27% 27% 38% 48% 81%

lg24 C 53% 54% 60% 63% 45=/; 26% 27% 27% 35% 36% 20% 37%
lg2~ C 52% 58=/= 62% 54% 45% 26% 25% 26% 35% 44% 21% 43%
1931 C 47% 45% 54% 65% 45% 35% 25% 28% 35% 31% 1% 40%
1933 C 46~ 39~ 49% 65% 45% 35% 26% 29% 35% 42% 22% 43%
1934 C 53% 43% 59% 65% 35% 35% 23% 27% 31% 38% 13% 42% [- "
1976 C ~9% 63% 46% 54% 39% 35% 25% 26% 35% 47% 40% 44%
1977 C 54% 50% 57% 53% 41% 35% 26% 28% 12% 19% 11% 38%
1988 C 41% 52% 62% 52% 19% 35% 26% 20% 31% 45% 25% 40"/,
lg90 C 51"]. 42./. 55% 85% 35% 35% 23% 2,% 35% 46% 25% 40%

Ii
1991 C 48% 45% 50% 55% 44% 35% 23% 27% 35% 39% 29% 50%
1992 C 52% 39% 47% 60% 42% 35% 22% 27% 38% 40% 23% 41%

AVG 81% 48% 55% 90% 40% 33% 2~% 27% 32"/. 3~% 21% 42%

I
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Appendix E-11. (Continued).

l
DELTA EXPORT/INFLOW RATIO(%)

DW~;IM M~)DEL ,RUN 414 INTERIM SOUTH DELTA PROGRAM AT FUTURE DEMAND
YEAR WATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 8EP

~985 D 65% ~7% .... 3~N 17% 43% 35%- g ~% ~5% ~% ~
1987 ~ 65% 55% 6~ 65% 45% 35% 23% 25% 35% 47% 43%    49%
1989 D ~% 49% ~% 80% 45% ~% 21% 24% 35% 45% ~ 57%

AVG ~% ~% ~% SS% ~% 33% 25% =~% 33% 47% ~%

1927 W 58% ~% 60% 42% 6% 18% 15% ~% 35% 46% 4B% 53%
1938 ~’ 57% 43% 21% ~% 6% S% 11% 14% 26% 26~ ~% 61%
1~ w 559~ ~% 30% 13% 11% 8% 11% 18% 35% ~% 46% 57%

18% 10% 6% 27% 14% 19% 35% 37% 47%W 63%
1~3 W ~% 61% 30~= 10% 13% 10% 23% ~% 35% 43% 47% 53%
1952 W 57% 60% 28% 16% 14% 11% 12% 13% ~% 3B% 37% 63%
1953 w 55% ~% 17% 7% 21% 32% 25% 24% 35% ~% ~% 55%
195~ W 55% ~% 18% 9% 9% 19% 29% 17% 35% 40% 46% 59%
1958 W 63% 61% 4g% 27% 6% 7% 9% 17% 31% 29% 45% 6~
1~3 w 39% ~% 32% 41% 10% 25% 8% 23% 35% 45% 47% 53%
1~ W 56% 58% 17% 12% 2~% 33% 15% 27% 35% 45% 48% 53%
1~ W 559~= 60% 32% 28% 15% 11% 14% 15% 27% 48% 37% 62%
1~ W 57% 58~( 579/~ 12% 8% 11% 15% 14% 31% 32% 42% 61%
197C W 51% 47% 13% 3% 7% 18% 31% 30% 35% 46% 49% 55%
197~ W 58% 56% 21% 24% ~% 17% 25% 21% 35% 45% 47% 57%
1974 W 61% ~% 19% 8% 17% 8% 11% ~% 35% 43% ~% 58%
1975 W ~,~ ~% ~% ~% 9% 8% 27% ~% 35% 40% 47% 59%
1982 W 58% 42"/, 15% 15% 8% 10% 6% 17% 35% 3~ 47% 53%
1983 W ~% 17% 9% 6% 3% ~ 7% ~ 12% 23% ~%
lg~ W 19% 8% 4% 6% 11% 18% ~ ~% 35% 48% 48%    59%
1986 W 539/~ 59~= 63% 65% 6% 5% ~% 35% 35% 45% 47% 59%

AVG ~% 5t% 28% 2t% t1% 14% 1~ 21% 3~& ~ ~%

II
I

ii!
!i
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Appendix E-12. Simulated Average Monthly Delta Export/Inflow Ratio (%) by Water-year Type for Future
Operations to State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below
Normal, D-Dry, C-Critical, A-Above Normal.

’" DELTA EXPORT/INFLOW RA~’IO .........
STATE WATER RESOURCES CONTROL BOARD ALTERNA’I"IVI= 8 - OWR-~IM MODEL RUN 8:24

Water Water- Oct Nov Dec Jan Feb Mar Apt Msy ,June July Aug Sept
Year Year

TV~ ,,
1922 A e0"/, ~ 53% 54% 24% 18% 27% 15% 25% ~5% S5%
1928 A 83% 49% 59=/, 40% 21% 7% 21% 25% ~, 47% 87%
1940 A ~3% 45% 43% 40% 20% 10% 11% 24% 35% 47% 88%     61%
1951 A 65% 18% 11% 16% 15% 20% 30% ~8% 35% 47% 88% 65%
1954 A 57% 4~% 65% 30% 10% 14% t6% 24% ~% 47% 88%
1957 A 44% 63% 65% 55% 18% 14% 24% - 2~% 35% 47% 8~%
1973 A 86% 43% 39% 14% 10% 11% 28% ~ 35% 47% ~     66%
1978 A 26% 49% 65% 18% 13% 9% ’ 18% 25% 35% 26% 49% 65%
1990 A 65% 59% 48% 10% 3% 7% 25% 32% 35% 32% 45%
1993 A 37% 50% 65"/, 21% 15% 12% 18% 25% 32% 37% 52’/= 61%

AVG 4~% 44% 4~% ~ 14"/, 11% tr/, ~3% 31% ~ ~0%

1923 B 58% 53% 26% 25% 18% 35% 25% 30% 35% 51% " 61%
1935 B 38% 61% 62% 38% 28% 35% 17% 15% 34% 51% 82%
1936 B 66% 53% 55% 32% 14% 29=/, 28% 30% 85% 81% 60%    34%
1937 B 65% 59% 65% 62% 18% 12% 24% 26% 35% 41% 50% 52%
1945 B 34% 65% 60% 65% 16% 19% 32% 29% 35% 51% 61%
1946 B 85% 82% 15% 2t% 22% 26% 31% 28% 85% 51% 61% 64%
194B B 56% 54% 5~’, 65% 33% 35% 24% 24% 35% 51% 80% 85%
1950 B 64% 58% 57% 49% 31% 35% 25% 28% 35% 49% 47% 65%
1959 B 41% 59% 60=, 13% 10% 23% 27% 28% 35% 51% 61% 65%
1962 B 59% 59% 60% 65% 18% 23% 27% 28% 35% 51% 60% 85%
1966 B 64% 36% 51% 27% 19% 23% 26% 26% 35% 51% 60% 65%
1968 B 42% 81% 37~ t4% ~/, 18% 26% 28% 35% 51% 62% 69%
1972 B 55% 64% 48% 51% 37% 21% 28% 27% 35% 81% 81% 81%
1979 B 55% 65% 65% 30% 10% 18% 28% 31% 35% 51% 56% 54%

AVG ~% 8~% ~1% 40% 20% 25% 35% 2"~/~ 3~/= E0% ~% ~0%

1924 C 62% 57% 65% .65% 44% 23% 26% 12’/, 12% 21% 23% 46%
192S C 64% 6~% 65% 65% 40% 29% 26% 25% 25% 19% 25% 46%
1931 C 54% 52% 48% 65% 40% 33% 25% 26% 28% 25% 4% 48%
1933 C 56% 50% 48% 65% 45% 35% 2~% 24% 13% 10% 4% 47%
1934 C 55% 27% 65% 59% 36% 24% 23% 27% 33% 44% 39% 47%
1976 C 42% 51% 5~% 61% 28% 31% 25% 25% 35% 54% 54% 48%
1977 C 47% 56% 41~% 51% 15% 23% 25% 8% 4% 3% 28% 48%
1988 C 56% 47% 6%. 39% 35% 30% 26% 26% 35% 34% 16% 47%
1990 C 63% 58% (~.=% 41% 40% 35% 23% 27% 35% ~1% 34% ~0%
1991 C 45% 51% 4~,~ 42% 4% 33% 24% 27% 26% 29% 35%
1~92 C 34% 60~,~ 5:~ 65% 22% 35% 24% 27% 32% 39=/, 21%    46%
1994 C 63% 43’/= 5~% 59=/= 2(W, 35% 25% 27% 35% 57% 64% 51%

AVG 83% 51% 56% 86% 31% 31% 26% ~3% ~% ~2% ~
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Appendix E-12. (Continued).

DELTA EXPORT/INFLOW I~TIO
STATE WATER RESOURCES CONTROL BOARD ALTERNATIVE 5 - DWRSIM MODEL RUN 52~J

Water Water- Oct Nov Dec Jan    Feb Mar .a~or May June July Aug Sept
Year Year

Type

198~ D S~ ~% 62% 16%    17% 19% 25% ~ 35% ~% ~
1985 D ~% ~% 42% 81% .. 28% ~ ~. ~% ~% 35% ~% ~% 65%
1987 D 63% 58% 85% ~% 21% 20% 24% 27% 35% ~% ~ 47%
1989 D ~% ~% 53% 65% 20% 24% 21% ~% 35% ~% 43% 65%

AVG ~% 6~ ~ 81% 30% ~ 2$% ~% ~% ~% ~%

1927 W630/.46%6~.~%7%15"~14"~25%35%47"/.~%62%
1938 W 65% 40% 16% 28% 3% 3% 9% 11% 21% 35% ~% 49%
1~ ~ W 65% 65% 23% 11% 10% 8% 11% 19% 35% ~% 49% 53%
1~2 W 41% 52% 16% 8% 4% 19% 15% 19% 32% ~% ~% 62%
1~3 W 41% 42% 33% 9% 9% 6% ~% 27% 35% ~% 45% 63%
1952 W 65% 58% ~% 13% 11% 9% 10% 12% ~ 42% 59% 46%
1953 W 38% 57% 16% 5% 17% 24% ~% 24% 35% 47% 60% 65%
195E W 62% ~% 13% 7% 8% 14% 28% 18% 35% 47% 58%
1958 W 46% 52% 43% 29% 4% 6% 8% 17% 24% 40% 57% 42%
1~3 W 32% 50% 37% ~% 15% 30% 8% ~ 35% 47% 59% 65%
1~5 W 57% 65% 14% 10"/, 29% 28% 15% 24% 35% ~% 51% 65%
1~7 W 63% ~% 28% ~% 14% ~% 13% 14% 20% 41% 58%
1~ W 65% 65% 41% 10% 3% 7% 11% 12% 25% 37% 55%    39%
1970 W 39% 53% 13% 2% ~% 15% 29% 31% 35% 47% 58%
1971 W 63% 43% 17% 20% ~% 14% 24% ~% 35% 47% ~%
1974 ~ ~% 16% 15% 9% 15% 7% 12% 25% 35% 48% ~    ~%
1975 W 45% 55% 55% 47% 9% 8% 25% 24% ~% 48% 61%
1982 W ~% 30% 12% 14% 7% 8% 6% 19% 31% 42% ~%    41%
1983 W 29% 21% 13% 5% ~ ~ 6% 9% 11% 28% 47% 31%
19~ W 16% 6% 4% 5% 1~ 16% 28% ~% ~% 47%
1986 W ~% ~% 60% 47% 8% 6% ~% 35% 35% 30%    47%

AVG 6t% 4~ 2$% 1~% 1~ 1~ 16% 2t% ~ 41%    ~
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Appendix E-13. Historic Monthly Total Combined Water Exports (acre-feet) From CVP, SWP, CCWD, and NBA. Data from Department of Water
Resources DAYFLOW. W-Wet, B-Below Normal, D-Dry, C-Critical, A-Above Normal.

I ........ I~ISTORIC TO’I ’AL COMBINED WATER EXPORT ~ I’A~RE-FE~T~ AT C~/P_ SWP. e, ~W~- ,rid NBAl , ,, ,

"

D 1930 0 0 0 0 0 0 0 0 0 0 0 0
C 1931 0 0 0 0 o 0 0 0 0 0 0 0
D 1932 0 0 0 0 0 0 0 0 0 0 0 0
C 1933 0 0 0 0 0 0 0 0 0 0 0 0
C 1934 0 0 0 0 0 0 0 0 0 0 0 0
B 1935 0 0 0 0 0 0 0 0 0 0 0 0
B 1926 0 0 0 0 0 0 0 0 0 0 0 0
B 1937 0 0 0 0 0 0 0 0 0 0 0 0
W lg38 0 0 0 0 0 0 0 0 0 0 0 0
D 1939 0 0 0 0 0 0 o 0 0 0 0 0
A 1940 0 0 0 0 0 0 o 0 0 0 0 0
w 1941 0 0 0 0 0 0 0 0 0 0 0 0
W 1942 0 0 0 0 0 0 0 0 0 0 0 0
W .1943 0 , 0 0 0 0 0 0 0 0 0 0 0
D 1944 0 0 -0 0 0 0 0 0 0 0 0 0
B 1945 0 0 0 0 0 0 0 0 0 0 0 0
B 1946 0 0 0 0 0 0 0 0 0 0 0 0
D 1947 0 - 0 0 0 0 0 0 0 0 0 0 0
B 1948 0 0 0 0 0 0 0 0 0 0 0 0
O 1949 0 0 0 0 0 0 0 0 0 0 0 0
B 1950 0 0 0 0 867 1.588 1.402 2.56~ 3,334 3.875 4.1~ 3.509
/~, 1951 3,101 2,037 1.293 1.107 939 1.097 2,20~ 1,980 10.371 37.246 73.932 58.016
W 1952 25.041 2,740 4,431 2.327 1.501 1.598 7.750 5,982 10.439 35,232 63,497 35,790
W 1953 27.785 4.702 2.012 1.948 10.848 36,149 ~4.443 129,496 t37.315 179,271 153,848 50.498
P~ 1954 27,811 3,875 3.283 7.635 52.300 71,326 121.895 84.174 178.224 202,987 180.212 112.040
D 1955 57.822 15.798 2.679 2.445 22.364 98.703 135.622 150.175 t89.728 198,747 lg0,159 113.975
W 1956 72.565 23,926 10,g73 2.368 11.101 27.843 41,823 26,983 70,025 198,375 184.546 98.502
A 1957 44.777 6.532. 0.315 4.891 58.335 110.341 139.753 134.198 194,823 220,456 104,~ 117.~2
W 1958 67,856 29.396 8.611 3,369 4.955 17,703 9,007 3~,798 45.863 17~.878 104.392 111.~95
B 1959 79.024 32,8~0 9.732 18.596 34.937 124,154 163.743 193.329 ’ 211.697 245.825 210,845 t15,069
D 1960 79.989 40.360 15.848 15,638 36,187 139.976 154.719 104.985 227,180 251,378 218,243 119,702
D 1981 98.522 35,324 3,307 18.833 45.098 126,243 172.2~ 174.154 237.106 285,7~ 240.815 128,599
B t962 53,406 40.641 15,527 24,79~ 14,269 55,553 163.9~ 181.948 225.830 259,549 ~2~.452 127,19t
W 1963 87,806 47.759 3.515 31,129 45.198 111.870 73.100 170.265 210,47~ 257,882 237,248 t27.1B~e
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Appendix 13. (Continued).

V~er W~er OCT NOV DEC JAN FEB MAR APR ’ MAY JUN JUt. AUG SEP
Year Year
T,n)e ,
D t964 127,724 32,345 10.053 35.427 91.204 133.320 182.0~ 200,1~0 225,410 263,50~ 290.35~ 144,572
W 1965 139,200 44.32~ 3.745 13.761 86.533 136.116 71.508 t95,985 219.442 267,688 239.831 123.0~7
B 1966 110.861 39.443 3.531 7.087 50.654 152,497 184,6;~4 207,833 242,088 26~t,174 ~.~,~’~4 137,498
W 1967 116.845 60.944 30.725 50.072 42.394 122.891 71,704 t17.931 128,411 t~.572 263.431 t88,454
B 1968 110.157 67,243 41.402 71.700 104,979 275.385 319.557 344.416 279,~64 317,1~9 298.809 332.791
W 1969 383,535 299.533 231,107 352,831 280.929 208.861 190,815 200.717 148.122 207,593 312,912 152,095

W 1970 123.156 83,883 50.3,qR 68.502 108.085 139.033 276.367 246.231 296.836 320,888 282,~42 183,503
W 1971 158.636 t~0.615 117.523 116.908 174.043 288,592 263.175 279.224 342,62~ 39~,524 411,262 232,075

B 1972 234.002 180.987 14,q.478 9q 136 214.220 410.127 377.562 398.880 317.810 311,444 428,778 416.417

A 1973 393.568 210.7t3 211.857 1RI,816 85.300 78.685 199.092 399.024 438,887 472,220 477.159 342,612

W 1974 3~3,767 291,244 204.9ll 121 194 302.418 385.158 249.628 437.632 542,305 85~,194 581,488 300,289

W 1975 282,029 115.755 172,738 335 869 372.365 373.110 374.438 342.659 2~8.494 318.222 551o~85 463.252

C 1976 454.085 475.794 479.982 506 975 447 493 512.584 299.221 336.826 246.599 252,229 419,611 494.834

C 1977 292.722 252,054 170,858 432 241 240 32~ 234.038 76.941 183.327 43.912 51.888 93,842 110.259

A 1978 46.828 157,431 362,897 604 29f 571 ~39 383.285 1~4.319 167.8~0 452.680 496,416 517o139 444.748

B . 1979 ? 14,499 330,999 371.413 251 898 162 925 266,852 349,383 383,335 378,641 573,242 638.022 550.144

A 19~0 474.474 347,891 366.619 391 437 355 156 268.430 317,387 284,210 334,087 421.624 885,411 456,358

D 19~1 410,853 883,508 415.119 507 258 401 335 296,713 480,515 274.858 239.516 432,463 571,762 403,743

W 1982 364.008 280,203 317,119 317 687 524 021 639,408 570,425 387.901 233,757 247,465 498,~05 313,866

W 1963 324,385 3~0,714 517,320 618.990 568 015 329.675 226,567 202,156 297,622 3t9,591 44t,336 249,880

W 1984 153.222 104.166 13t.487 105,576 331 159 424.518 456,474 383.904 3~6.20~ 580,472 584.035 32~,576

O 1985 344,053 474,963 519,537 358.164 422 143 528.845 436.110 361.498 387.981 580,991 620,611 617,931
W 1~8~ 472,815 435,339 805.0~4 556 724 338 738 198.356 278,948 384,232 366,883 528.305 610,773 623,112

D 1967 454,396 407.489 445.605 383 702 379 496 343,72~ 417,074 326.117 307,890 549,484 601.515 538,743

C 1~8 362,624 324.321 551,558 639 542 575 514 518,119 509,135 384.597 352.031 492,688 542.673 485.770

D 1989 348,675 363.718 442,646 627 599 456 140 631.200 622.217 384,645 316.417 589.463 698.780 641.701

C 1990 847.667 617.~ 642,33f 653 523 586 303 849,659 575.631 210.712 210o776 387,119 413.614 355.319

C 1991 221.145 232.773 322.028 303 880 253 029 801.938 447.968 167.609 117,784 161.596 237,303 254,989

C 1992 328,922 189.900 196.191 394 784 35t 589 643.314 184,499 1i0,233 118.874 98,187 166.517 209.359

A 1993 116.919 147,034 251.366 716 320 517 313 370,533 340.603 ’208,252 252.245 $3~.051 66~.~73 653,726

C lg’94 671.515 4f7,233 649,149 362 794 328 140 266.845 119,719 121.094 117o780 274,415 378.779 441,612
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Appendix E-14. Simulated Future Combined Total Water Exports in the Sacramento-San Joaquin Bay-Delta Estuary at SWP, CVP, CCWD, and
NBA According to 1995 Bay-Delta Plan. DWRSIM Model Run TP6. Model Assumes HydrologicSequence for Past 7t Years Repeated. W-Wet,
B-Below Normal, D-Dry, C-Critical, A-Above Normal.

1995 BAY-DELTA PLAN ’
COMBINED TOTAL EXPORTS (AGRE-FEET) AT SWP, CVP, CCWD, and NBA AT EXISTIN~ VARIABLE WATER I~MAND

(AR~IIMFR HYDROL(:)GIC ~F_OUFI~ICF F~R PA~T 71 YF~I~ZR RFPF_ATEDI
YEAR I OCT I NOV I DE(;:; I JAN I FEB I MAR ! APR I MAy I JUN I JUt, I AUG I SEP
1922 420,514 427 680 716,650 756.386 719,611 646 209 487.080 556.655 691.297 229 070 299.473 407,603
1923 695 313 665 577 729,194 593,422 234,622 364 546 469,973 403~819 409,207 715 814 7t7,471 399,564
1924 513 382 460 469 687,947 721.276 454.563 268 599 180.457 201,265 277,398 420 023 319,608 234,214
1925 540 574. 409 682 557,821 459,164 663,340 498 344 409 860 337,529 410,038 715 814 540,574 380,754
1926 581 330 427 442 481,526 715.691 680.900 393 569 370 121 332,802 348.559 714 770 512,523 374,933
1927 564 389 664 805 698,811 706,607 638,392 498 897 492 545 512,953 405,049 475 941 380,802 384,556
1928 594 649 665 577 709,860 733,552 469,909 538 523 449 658 377,303 396,376 715 814 468,692 395,545
1929 439 113 530 739 653,636 606,005 477,948 263 934 194 891 215,444 356,638 608 644 189,603 214,612
1930 480 380 366,617 571.448 714,831 378,822 698 ~95 223 700 234,001 347,908 638 ele 231.098 328,001
1931 331 759 283,~91 381,958 626,628 381,801 276 701 202 257 t81,930 270,864 332,618 51,375 225,423
t932 394 489 334,481 702,494 714,586 430,991 209 674 318 562 272,282 165.904 234,t03 232,446 340,600
1933 332 25,0 317 652 383,625 710,719 415,966 " 310 460 237 422 232,692 342,203 289,959 71,017 226.195
1934 "290 266 232 670 557,637 717,287 385,350 414 929 231 422 202,186 354,618 273,018 59,~00 230,353
1935 281 427 461 657 508,226 732,816 361.912 656 705 492 545 53:~,103 451,024 715,814 676,174 371,191
1936 467 531 421 916 481,403 739,015 719,611 728 642 438 253 391~,911 407,068 715,814 451,327 378,12t
1937 430 642 397 980 621,473 692,244 719,611 749 388 488 506 4~,018 387,211 440,693 338,689 380,101
1938 450 591 665 577 709,123 768,969 476,839 452 125 413 424 518,109 638,709 324,393 315,002 689,218

1939 695 313 653 935 487,112 417,138 292,501 341 560 259 697 256,998 355,034 715,814 485,639 339,7~8
1~40 s2s e2s 39o 652 464.631 729,379 681,9o7 730 236 492 545 4~,083 3~,376 715.814 952.T~ 392 337
1941 513 873 453 878 7t8,364 775,045 719.611 653 145 489 456 498,009 523,256 210,288 299,228 597 089
1942 695 313 665 577 4es.e64 460.043 439.806 456 468 519 572 556.656 600.466 212.682 299.473 654 895
1943 695 313 665 577 531,121 468.575 463.610 452 432 519 572 433,634 380,279 437,578 334.089 377 665
1944 614 537 633 382 464,647 712.008 695.608 523 940 250 549 263,138. 414,909 715,814 439,849 382 180
1945 568 993 665 577 713,3~8 703,660 614,442 533 638 381 152 329,549 . 465,043 561,330 385,773 399 109

1946 666 587 665 577 719.558 745.460 414.026 563 898 381 271 347.963 438.788 715.814 460.411 403 920
1947 523 326 513 691 708.238 682.055 588.385 514 794 269 438 25~.348 344.104 715.814 717.471 400 356
1948 612 695 490 822 4,.199 680.397 365.183 380 004 394 416 492.329 "512.444 715.814 717.471 662 072
1949 695 313 561 865 539.653 544.072 399.002 718 023 304 663 315.984 388.773 639.273 378.899 409 147
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Appendix E-14. (Continued).
1995 BAY-DELTA PLAN

COMBINED TOTAL EXPORTS (ACRE-FEET) AT SWP. CVP, CCWD. and NBA AT EXISTING VARIABLE WATER DEMAND
iA,~,StlpF.~ HYDROI (’]G, IC RFOLIFI~CF FOR PAST 71 YFARR RI~I:N=ATFrP,

Y~R I OCT I NOV I OE~ I JAN. I FEB I MAR I APR I ,M/~Y I JUN I ,.".q. I ^UO ! SEP
1950 580,287 435,224 418,673 720,110 660,290 541,126 363.884 350,296 437,362 71-~ 6t4 717,471 398,336
1951 695.313 665.577 739.938 792.170 597.144 541.556 382.656 447.276 395.307 7tS 614 561.453 413.959
1952 576,297 665,577 706,238 792.170 698.988 471,460 442,827 528,789 606,652 541 924 382,950 689,216
1953 629.084 484.169 484,288 306,593 276,147 412.105 365,072 478,948 648,173 494293 38,4,607 544 163

1954 695.313 685.577 668.183 539.776 460.097 525.290 449.658 434.254 392.693 715614 613.063 420 552

1955 500.247 665,577 703.108 725.082 532.335 288,179 221,681 260,926 410,513 715614 717,471 473 856
1956 509.147 477.279 706.054 792.170 711.351 528.666 462.488 556.655 616.097 543213 409.773 689 218

1957 695,313 655.895 469,803 709,062 468.523 481.281 355,450 362,694 421,918 715 !14 717,471 438 441
1958 695.313 685.577 710.412 735.762 621.815 564.912 537.986 556.656 661 122 384 568 465.076 689 218
1959 695,313 489,575 490,733 450.284 326.652 404.801 235,343 260,313 373 329 715 814 512,093 434 689
1960 570.834 419.661 697.031 585.627 662.563 498.835 237.362 227.78f 355 153 715 814 868.121 41~ 038
1961 554.446 501.098 679.599 566.722 656.631 456.570 223.819 228.395 352 183 715 814 614.782 413.483
1952 537,873 423.997 648,787 474,467 688,232 636,020 260.647 320,956 373 210 715 814 474.774 428 749
1963 695,313 665,577 703,906 714.463 519,972 542.906 492,782 532.~03 439 382 640 562 398,698 508 226

1964 "695.313 565,577 642,833 701,942 365,738 321,754 226,967 260.313 354 796 715 752 717,348 461 360

1965 468,350 631,006 706,422 792,109 672,155 531,428 519,631 551 622 396 970 715 814 453,844 408 494
t966 695.313 685.577 721.706 751.905 478.281 489,506 313,038 317 519 372 735 715 814 677,02t 415 384
1967 553,586 649,598 719,865 742,268 606,680 400,382 465.815 518 109 630 709 684 387 388.474 689 218
1968 591,887 469,557 434,448 271,054 276.867 408,238 288,922 256 753 373 329 715 814 487,357 418 414

1959 575,438 523,373 702,862 770,319 653,693 418.489 411,345 " 491 224 591 683 426 775 353,672 689 218

1970 695,313 494,169 468,268 299,350 276,147 412,105 367,567 308 066 393 763 715 814 4t2,642 409 028

1971 574,210 665,577 712.806 723,977 509,327 635,958 375.052 492 083 557 707 715 814 432.238 619,007
1972 695,313 685.577 703,783 679,354 478,558 528,727 283,694 2~) 087 370 121 715 814 717,471 454,648
1973 639.21t 685.577 702,924 721,215 695,273 491,470 414,018 444 575 483.932 704 949 400.566 429,224

1974 685.246 665.577 709,185 688,315 470,020 531,735 519,631 553 279 547,955 518 047 448,995 689,218
1975 695.313 665.577 619.631 479,807 342.453 479,685 502.762 556 655 641,526 616 562 407,747 689.218
1976 695,313 665.577 662,167 538,262 478,281 386.878 197,921 220 661 369.468 49t 347 238,032 262,0t3

1977 353,365 398,156 692,796 309,294 348.219 272.098 180.992 t64,314 80,428 t32 090 75.252 231.898
1978 268,363 211,563 675.917 646,270 312,626 334,582 386,753 430,2t2 414,256 197 275 269,228 509,593
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Appendix E-14. (Continued).

1995 BAY-DELTA PLAN
COMBINED TOTAL EXPORTS (ACRE-FEET) AT SWP, CVP, CCWD, and NBA AT EXISTING VARIABLE WATER DEMAND

tARRIIM~R HYDROL(3G.IC S[::OlJFN~F ~’~R I~RT 71 YF3~RR RI=IP~TI=I~
I Y~R I ~T I NOV I DEC I JAN I FEB ! MAR / APR I MAY I, .N~ I ~.. I ^U~ I SEP

1979 69S,313 665,577 400.996 668,060 443,243 508,533 404,039 418,919 502,58~ 587,090 343,053 384,734
1980 496,958 665,577 707,957 785,541 456.826 384,668 383.724 434,~877 358,895 221,398 323,780 641,817
1961 695,313 665,577 574 946 460.043 439,806 454.826 310.306 256,998 350,163 715,814 468,155 378,081
1982 532.963 665,577 700 898 748.345 658,849 547,080 523,017 617,176 691,297 550,210 523,265 689.218
1983 695,313 508 583 499 510 385.712 265.391 314.204 403.445 404.249 477,576 501,83~ 649,339 519.631
1984 451.941 330 442 334 153 208.385 238.558 399.707 384.199 332.495 417,285 667,814 584,116 629.818
1985 695,313 665 577 731 036 489.628 453.887 465.199 231,304 290,389 346,955 715,814 654,311 403,861
1986 554,077 485 654 707 220 7! 1,210 719,611 639,457 507.573 470,600 396.970 418,734 334.705 501.039
1987 695.313 546 480 490 242 575.499 549,798 675,732 237,481 231.341 350,163 715,814 562,057 378,972
1988 422.785 378 853 698 320 702.801 361.968 299.473 t86.516 208,~815 ¯ 362.518 470.785 :322,859 227,680
1989 301.069 335 432 436 596 520.380 386.916 709.860 335.788 267,064 347,371 715.016 716,873 406,831
1990 353.649 248 351 493 188 701,205 345.225 289.038 228.631 189,910 361,746 470.g~J 326,17.3 248,767
1991 304.077 243 243 323 964 389272 364.518 698.811 238.847 194,329 341,015 329.488 277,622 289,753
1992 315,739 186 813 399 707 487,603 666.389 479.807 226.611 202,677 360,556 501.568 278,174 223.879
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Appendix Eo15. Average Histodc Monthly Combined Exports (cfs) at CVP and SWP Delta Water Export Facilities by Water-year Type and by Time
Perils. The Time Perkx~s Represent Maior Changes in Water Flow Management ~thin the Sacran~nto R~er system and the Sacmment~-San
Joaquin Bay-Delta Estuary, California. Data from Department of Water Resources DAYFLOW.

HIST~I~IC,EXPORTS(CFS| AVERAGE ,MQNTHLY BY WATER-yEAR TYpE

I I I "u° I
ABOVE PRE-1945 1940 0 0 0 O 0 O O 0         0 0 0 0

NORMAL

1945-1950 NO ABOVE NORMAL WATER YEARS

1951-19~7      ’ 1951                   0                      0                      0                      0                      0                      0                      0                       0                    113                 544                 1.124                913
1954 406 24 14 84 905 1.123 2.008 1.31 t 2.915 3.1~ 2.843 1,809
1957 657 66 56 31 1. 004 1,756 2. 288 2.122 3.174 3,471 3.050 1.875
AVG 354 30 23 38 ~38 ~S0 1,432 t,t45 2,0~7 2,404 2,33t

1968-1977 1973 6,300 3.472 3.384 2.899 1,114 t.210 3,2~8 0.311 7.16t 7,4~1 7.SS7 5,801
1978 628 2.527 5.802 9.794 10.273 S,883 3.209 2.9~8 7,484 7.895 6,247 7.384
AVG 3,444 3,000 4,S93 8.347 5,K94 3,546 3,238 4.$36 ?,$23 7,178 ?,M2 l,q2                                                    CO

1978-1992          1978                628                2,527               5,802               9,794             10.273             5.883               3,209               2,~8              7.484              7,895               8.247              7.3~4                                                           ~’~
1980 7.578 5.745 5,894 6,318 6.131 4.286 5,269 4.494 5.79~ 6,6~5 9.015 7.502
AVO 4,103 4,t38 5,84~ 8,05~ 8,202 S,084 4,239 3,731 I,MO ?,~NJ6 1,131 7,433

1993-1994 1993 1,709 2.327 3,960 11,570 9.23t 5.945 5,604 3.197 4.011 8.503 10.582 10,748

Ilg95-1997 1996 7.249 5,458 4,380 9.979 6.563 3.474 4,179 4.915 9.431 10.441 10.529 10,099
1997 9,703 9,976 7.674 2,65~ 2.267 6,889 4,472 3.023 7~038 9,637 8,854 10.077
AVG 8.47S 7,717 8,030 6,318 4,418 S.182 4,32S 3.8t9 8,238 t0,038 6,$82 t0,581
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Appendix E-15. (Continued).

I                    HISTQRIC EXPORTS (CF~L,AVERAGE MONTHLY BY WA,P-F(;,Y, EAR TYPI~

BELOW PRE-1945 1935 0 0 0 0 0 0 0 0 0 0 0 0

NORMAL
1938 0 0 0 0 0 0 0 0 0 0 0 0

1937 0 0 0 0 0 0 0 0 0 0 0 0

AVG 0 0 0 0 0 0 0 0 0 0 0 0

1945-1950 ¯ 1945 0 0 0 0 0 0 0 0 0 0 0 0

1946 0 0 0 0 0 0 0 0 0 0 0 0

1948 0 0 0 0 0 0 0 0 0 0 0 0

1950 0 0 0 0 0 0 0 0 0 0 0 0

AVG 0 0 0 0 0 0 0 0 0 0 0 0

1951-1967 1959 1.149 496 97 250 584 1.9~2 2.687 2.546 3.416 3.842 3.2~9 1.033

19~2 1.320 581 191 343 201 857 2.687 2.874 3.0~8 4.0~1 3.561 2.006

1966 1,700 586 0 60 657 2.419 3.00~ 3.244

AVG 1,390 S54 ~; 218 £)47 t.74S 2.787 2.888 3,080 4,t07 3,S44 1.~8
’

10~8-1977    1960 1.693 1.040 595 1.077 1.768 4.435 5.250 5.452 4.484 4.044     4.674     5.417

1972 3.694 2.962 2.344 1.549 3.661 6.588 8.10~ 6.282 5.121 4.893 6.771 6.8t7

AVG 2,894 2,00t 5.470 1.313 2.7t4 S,Stl S,723 5,087 4.803 4,$t|

1978-1992 1979 5.023 5.484 5.9~3 4.038 2.665 4.2~0 5.794 6.088 0.143 0.110 10.t53 9.090

1993-1994 NO BELOVV NORMAL WATER YEARS

1995-1997 NO BELOIN NORMAL WATER YEARS
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Appendix E-15. (Continued).

HISTqRIC EXPORTS {CFS~,,,,AVERAGE MONTHLy BY WATER-yEAR TYPI~                       ,

w..~..,.~o~ol~,I oc. i .ov i o~ / ~^. i ~o i... i ... i -~ i ~,I ~ i.~
CRITICAL PRE-1945 1931     0      0      0      0      0      0      0      0      0      0      0      0

1933 0 0 0 0 0 0 0 0 0 0 0 0

19:~ o o o o o o o o o o o o
^VG o o o o o o o~ o o o o o

1945-1950 NO CRmCAL WATER YEARS

1951-1967 NO CRITICAL WATER YEARS

1968-1977 1976 7,474 7,949 7.778 8.158 7.628 8.207 4,065 5,2U0 3,930 3,670 6.024 8.140

1977 4.47t 4.002 2.f~59 6,927 4.175 3,608 1,176 2.877 557 701 1,388 1,734

AVG 5,973 6,015 5,218 7,~43 5,90t 5.947 3,020 4,070 2,244 2,~ 4,00~ 4,937

1970-1~92    1988 5,726 5.307 6.861 10.289 9.895 6.25~ 8.384 f~.069 ~ 5,69t 7.720 8.539 7.896 ~’-

1~90 10.35t 10,224 10,297 10,484 10.405 10.405 9.465 3,175 3.270 0.007 9.446 5,692 O’)
1991 3,364 3,708 5.057 4.766 4.384 9,052 7.399 2,555 1,770 2,401 3.650 4,074

1992 5,153 3,045 3.045 ~,284 5.993 10,362 2,905 1,53~ 1,753 1.310 2.469 4.320

1995-1994    1994 10.739 6.035 10.432 5.772 5.782 4.172 1.816 1.760 1.689 4.100 5.8~0 7,172

t995-1997 NO CRITICAL WATER YEARS
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Appendix E-15. (Continued).

,, MONTHLY BY WATER-YEAI~ TYP, I~HIS’rgRIC EXPORTS ICFS] AVERAGE ,

DRY PRE-1945 1930 0 0 0 0 0 0 0 0 0 ’0 0 0

1932 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0

1944 0 0 0 0 0 0 0 0 0 0 0 0

AVG 0 0 0 0 0 0 8 0 0 0 0 0

1945-1950     1947 0 0 0 0 0 0 0 0 0 0 0 0

1949 0 0 0 0 0 0 0 0 0 0 0 0

AVG 0 0 0 0 0 0 0 0 0 0 0 0

195t-1967 1955 890 227 8 9 365 t .589 2.208 2.376 3,088 3,t01 2.9~7 1.02t

1960 1,203 594 175 185 576 2.206 2.532 2,590 3,065 3.926 3,396 1,873

19~I 1,449 503 0 245 760 2.005 2,818 2.712 3.834 4.4~ 3.782 2.025

19~4 1.995 483 109 524 1.528 2,100 2.947 3,091 3.636 4.434 4,0~0 2.283

AVG t.3~S 452 73 24t 807 1,g70 2,826 2,892

19~8-1977 NO DRY WATER YEARS

1978-1992 1981 6.529 6.338 6.667 8.178 7.162 4.755 7,983 4.267 3,793 8,00~ 9,112 8.625

1985 5,45~ 7.893 8,407 5.756 7.517 8.487 7,t94 5.997 6,300 9,209 9,~4 6,545

1987 7,432 6,712 7,112 6.130 6,737 5,468 6,837 5,075 4°940 8.707 8o.6
1989 5.435 5,936 7.037 10.057 8.065 10.136 10.302 6.014 5.044 9,252 1t.067 10.534

AVG 8,213 8,720 7,31t 7,830 7,370 7.21t 8,079 S,338 8,0t8 8,4°4

1993-1994 NO DRY ’~¢t, TER YEARS

1995-1~97 NO DRYWATER YEARS
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Appendix I:-’15. (Continued).

HISTORIC EXPORTS (CFS| AVERAG, E MONTHLY BY W~TER-YEAR TYPE

V~T PRE-1945 1938 0 0 0 0 0 0 0 0 0 0 0 0

194t 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0
AVG 0 0 0 0 0 0 0 O 0 0 0 0

1945-1950 NO WET WATER YEARS

10’;1-1~7 1~52 ~n8 12 41 0 0 0 100 58 129 517 975 539
lq=;3 418 31 0 0 165 5’;5 t.379 ’ 2.0~8 2.249 2.837 2.436 78t

1956 I. 123 350 138 6 159 413 650 362 1.083 3.169 2.914 1.566

1958 1.035 440 98 15 55 751 104 531 684 2,832 3.083 1.779
1963- 1.348 748 6 455 763 1.769 1.172 2,70~ 3.429 4.055 3.~98 2,014

196 5 2.145 655 0 170 1,500 2. t 50 1.136 3,0~O 3.578 4.226 3,725 1.94 3
19~7 1.778 924 424 735 685 t .938 1,147 1.~28 2,055 2.58~ 4,158 2.50~
AVG t.173 45t 101 t|7 475 1,01’1 8t2 t,520 1,987 2,885 2,m 1,5~JO

t988-1977    1969 8,099 4,928 3.~77 5,688 4.647 3.349 3.139 3.t82 2,381 3.228 4.921 2,421
1970 1.902 994 727 1,067 1.868 2.193 4.524 3.845 4,800 5.016 4.394 2.928
197t 2.469 1,952 t,852 t ,841 3.074 4,631 4.351 4.452 5.827 8,344 8.520 3.779
1974 5.822 4.819 3.283 1,917 5.397 6.209 4,t25 7.015 8.942 10,493 9,28t 4.940

1975 4.496 1.878 2.755 5.405 6.634 6.O05 8.207 5.471 4,353 5,010 8,817 7.662
AVG 4,1S~ 2,914 2.458 3,183 4,323 4,478 4,468 4.789 5,22t 1,018 9,787 4,34~

1978-1992 1982 5,787 4.632 5.127 5.127 9,402 10.389 9,550 5.859 3,765 3.860 7,913 5.187
1983 5.202 8.094 8.367 10.045 10,155 5,221 3.755 3,198 4.841 5,035 7.018 4.050
1984 2.415 1.686 2.088 1.674 5.700 6.856 7.542 5.739 5,950 9,204 9,265 5.312
1986 7.51 $ 7,202 9.751 8.925 6.002 3.141 4.612 6,080 5,954 8,378 9,727 10,298
AVG 5,23t 4,891 8,333 8,443 7,814 8.357 9,38S S,216 $,127 6,~!9 |,480 $,26~

1993-1994 NO W~T YEARS

1995-1997 1995 5.226 8.074 7.434 11.648 8,790 2,905 3.439 4.199 7.431 10,383 9.133 7,209
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Appendix E-16. Simulated Average Monthly Combined Exports (cfs) by Water-year Type at the CVP and
SWP Delta Water Expert Facilities~ Projected Existing Operations to 1995 Bay-Delta Plan. W-Wet, B-
Below Normal, D-Dry, C-Critical, A-Above Normal.                    .

AVERAGE’ MONTHLY COMBINED EXPORTS AT CVP & SWP (CFS) -

WATER OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
YEAR

I TYPE ,.

I

1928 A 9.5,10.94111.36411.7749.7,9.5727.3725.8446.31710.3467.4926.307
1940 A ,.196 ,.317 7.42, 11.706 12.142 11.726 ,.095 ,.,36 ,.320 11.287 ,.975 ,.636
1951 A 10.530 10.,1 11.,53 12.729 10.’14 ’.131 ,~43 ,.,75 ,.302 11.206 7.,S ,.~0
1954 A 11.027 10.941 10.685 ,.663 ’.140 ’.342 7.,72 ,.771 6.256 11~71 7.972 ,.708

I
1957 A 11.027 10.T78 7.452 11.393 10.038 7.070 8.804 $.587 6.75411.28010.0766.545
1973 A 10.113 10.941 11.251 11.573 12.400 9.341 6.7726.929 7.803 $.196 7.560 6.833
1975 A 3.915 3.778 10.857 5,178 5.31g 5,279 6.313 6.696 6,622 2.839 4.473

I

1950 A 7.527 10.941 11.332 12.729 8.542 6.482 6.337 6.772 5.682 3.233 4.873 10.445

1936 B 7.319 6.831 7.640 11.863 12.821 11.700 7.181 6.071 6.485 10.657 7.736 5.985
1937 B 6.714 6.424 11.350 11.101 12.821 12.064 8.027 6.703 4.945 5.828 6.052 6.039
1,5 B 6.967 10.,1 ,1.420 11.287 12.263 ,.523 5.68, 5.055 7.473 6.674 7.051 6.340

I=

1,6 B 10.55010.941 ,,.521 ,1.968 7.317 g.O,8 5.884 5.356 7.031 9.918 7.977 6.442

¯ 1948 B g.171 7.766 7.604 10.897 6.433 6.021 6.573 7.708 8.266 11.287 11.287 10.995

1968 B g.343 7.641 6.87F. 4.238 4.835 6.481 4.673 3.872 5.929 10.352 7.167 6.663
1972 B 11.027 10.941 11.264 10.520 9.646 9.175 4.606 3.928 5.878 11.287 10.007 6.906

1931 C 4.762 5.48.~ 6 0"5 10.047 6.382 4.266 3.172 2.663 4.261 4.375 297 3.187
1933 C 5.012 5.33~ 6.02.~ 11.380 7.285 4.809 3.695 3.492 5.183 3.828 991 3.686
1934 C 4.501 3.653 ~.27~’ 11.508 6.238 6.719 3.665 2.999 5.830 3.834 797 3.844

1977 C 5.442 5.466 10733 8.214 5.900 3.454 2.862 2.396 1.075 1.806 932 2.965
1988 C 6.311 6.12.� 1~ 175 11.273 6.371 4.729 2.965 3.113 5.768 7.150 4.955 4.415
1990 C 4.977 3.381 7.65~ 11.255 6.083 4.469 3.625 2.505 5.794 7.093 5.148 3.370

1992 C 4.370 3.47; E 2~’-. 7.798 11.827 7.571 3.577 3.007 5.787 7.681 4.041 4.356
AVG 6.655 6,835 8.77~ 9.759 7.457 8.~2 3.2~8 2.~2 6.022 ~.7~ 2,820 3.8t4

I
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Appendix E-16. (Continued).
AVERAGE MONTHLY COMBINED EXPORTS AT CVP & SWP (CFS) -

~)WRSIM MODEL RUN 420 -1995 BAY-DELTA PLAN.

1925 D 8.510 6.622 6.873 7.305 11.762 7.946 6.701 ’;1165 6.035 10.130 7.694

1926 D 9.187 6.921 7.586 11.463 11.762 6.2~ 6.038 6.130 5.627 10.311 7.795
1930 D 7.937 6.371 9.135 11.467 6.~35 11~34 8.591 3.539 6.525 7.462 4.~28 $.198
1932 D 6.189 6.303 11~35 11.466 7.583 3.095 6.100 4.296 2.298 3.103 3~92 6.362

1939 D 11.027 10.747 7.734 6.620 5.116 6.393 4.175 3.676 5.621 10.410 7.133 5.897

1944 D 9.711 10.:398 7.364 11.423 12.388 9.179 4.040 3.983 6.634 9.806 7.116 6.078

1947 D 6.235 8.386 11~29 11.345 10.462 6.217 4.339 3.896 6.428 11~87 9.676 6.323

1949 D 10.621 7.979 6.588 6.696 7.125 11.538 4.945 4.658 6.202 9.205 6.033 6.622

1955 O 7.340 10.941 11~54 11.036 9.451 4.524 3.535 3.938 6.553 11~87 11~87 9.760
1960 D 6.925 6.736 11.131 6.382 11.792 7.957 3.799 3.401 6.623 11o267 10.831 6.570
1961 D 8.316 8.177 10.875 9.055 11.685 7.300 3.560 3.411 6.583 11~87 11.003 6.617
1964 D 11.027 10.941 10.097 11.602 6.441 5.072 3.627 3.933 6.618 11~87 11~71 7.034
1981 D 11.027 10.941 9.167 7.318 7.774 7.239 5.032 3.876 5.541 10.445 7.132 6.011
1985 D 11.027 10.941 11.064 7.680 8.930 7.407 3.696 4.421 5.483 11.287 10.073 6.506
1987 D 11.027 9.146 7.785 9.191 9.758 10.839 3 787 3.456 5.531 11.280 8.425 6.039
1989 D 4.175 5.517 6.944 8.336 6.832 11.402 5.467 4.051 6.499 11~87 10.989 6.506

AVG 9.030 9.$04 ~.373 ~.M4 9.0~4 7.788 4~l$5 4,078 ~74 10.010 |~1~7 9.437

1927 W 8.914 10~941 11.194 11.345 12.231 8.367 8.095 8.045 6.445 5.652 6.751 6.034
1936 W 7.039 10.941 11.351 12.352 9.510 7.196 6.762 6.129 10.258 4.910 4.730 11~43
1941 W 8.093 8.050 11.453 12.450 12.821 11.372 8.043 7.802 8.449 3.047 4.473 9.693
1942 W 11.027 10.941 7.719 7.318 7.774 7.169 8.550 8.755 11.263 3.090 4.477 10.665
1~43 W 11,027 10,941 6.455 7,457 6.023 7.201 8.549 6,332 5,500 5.804 5.992 5,997
1952 W g.077 10.941 11.304 12.729 12.599 6.529 7.258 8.302 9.853 6.454 5.688 11.243
1953 W 10.098 7.887 7.688 4.818 4.821 6.544 6.948 7.490 10.551 6.996 6.355 8.940
1956 W 6.633 7.725 11.301 12.729 12.447 10.549 7.588 6.755 10.011 5.369 7.883 11.243
195~ W 11.027 10,941 11,372 11,811 10.909 9.851 ’ 8.860 6,756 10~770 5.891 7,175 11.243
1963 W 11.027 10,941 11.266 11,463 8.639 10.654 8.098 6.356 7,055 7.048 7,433 8.516
19~ W 6.672 10.336 11.308 12.729 11.916 6.659 6.549 8.680 6.328 10.211 7.411 6.596
196." W 8.732 10.941 11.526 11.916 12.157 6.367 7.644 6.129 10.258 10.776 5.927 11.243
196, W 9.063 9.057 11.249 12.373 12.487 6.648 6.727 7.690 9.601 6.576 5.115 11.243
1970 W 11.027 7.887 7.427 4.946 4.821 6.544 5.995 4.706 6.275 9.362 7.040 6.514
1971 W 9.053 10.941 11.411 11.618 9.063 11.342 8.116 7.704 9.027 8.253 7.997 10.304
1974 W 11.027 10,941 11,352 12.044 8.474 8,649 8.549 6,701 8.~64 6.933 6.914 11,243
1975 W 11.027 10.941 11.013 7.640 6.017 7.644 8,267 8.755 10,440 6,345 7.790 11,243"
1982 W 8~84 10.,1 11.217 12.015 12.821 8.637 8.615 9.779 11.277 8.588 6.123 11.243
1983 W 11.027 8.298 7.g37 6.107 4.628 4.947 6.684 6.273 7.680 7.796 10.176 8.389
1984 W 7.062 5.299 5.241 3.216 4.143 6.342 6~70 5.104 6.673 8.309 6.850 10.689
1986 W 8.737 6.560 11.320 11.410 12.821 10.248 9.684 7.194 6.321 4.640 6.961 8.071

AVG 9.323 9.733 10.t95 t0.023 ~A82 6269 7.$$0 7.783 6.710 6~$9 6.$32

|!
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Appendix E-17. Simulated Average Monthly Combined Exports (cfs) at the CVP and SWP by Water-year
Type for Future Operations to Interim South Delta Program With Future Water Demands. W-Wet B-
Below Normal. D-Dry, C-Critical, A-Above Normal.

EXPORTS (CFS)
DWRSlM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM

AT W~TI~R FLITIJRI~ I~MAN~)
~ NATER- OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 8EP

YEAR
TYPE

1922 A 6.~66 7.071 14.044 14.304 9.073 9.140 8.081 10.590 14.158 3.519 7,286 6,599
1928 A 7.706 14.896 12.610 14.649 9.470 1,244 7.492 8.816 8.431 6.635 11.602 6.IS2
1,0 A ..,Sg 8.1g5 8.162 14.Mg 14.502 13.669 ,.327 5.826 6.481 10.378 ,~76 ,.468
1951 A 9.319 14.6" 14.549 ’.700 8,225 ’.~02 6,263 7.071 6.448 13.311 ,.316 ,.764

,,, . ,4,88510,.2 7,022,,,.2 ...3 ,,635 8,.92- 8..2 6,., ,~.mZ..,,. ,,.3
1973 A 6.227 14.596 14.681 ¯ 12.007 1.688 8.423 6.601 6.810 7.980 11.714 8.S~0 ,.498
,,78 ^ 3.6614.428’1,25813.0~96.4637.,20 ,.~3 ,.~1 ,.2~0 6.,7 ,.~, 6.4,,
1980 A 7.93’I II.919 14.681 14,600 I0.460 7.4. 7,2. 6.777 6,446 I0,816 6.4. 6,283

AVG 1,405 t0,182 ti,177 13,133 1,458 1,119 7,101 7,~10 ),10~ I,l~0 1,2.14 791

,923 , 10.427 .14.5, ,4.6,1 10.427 8.405 ,616_ .7.72_7 6.175 6., 10.188 9.026 ,.7,8
1935 B 4.317 8.165 6.456 14.54g 6.34g 10.476 9.832 9.791 7.441 9.303 1.325 6.888
1936 B 7.445 7.45~ 8.488 14.549 14.638 11.666 7.273 6.028 6.860 12.496 ,.796 8.165
1937 B 6.696 7.003 14.581 11.535 14.646 11.258 8.081 6.815 8.434 7.983 7.820 6.094
1945 B 7.771 11.886 13.115 11.225 10.880 8.341 6.061 5.018 7.593 10.085 6.908 6.061
1946 B 8.700 13.266 14.581 9.954 7.341 6.618 5.892 5.311 7.155 8.993 9.091 5.791
1948 B 9.417 7.643 7.820 11.962 6.457 5.865 6.465 8.097 8.148 14.923. 10.753 9.343
1950 B 6.908 7.071 6.777 14.349 13.709 8.439 5.960 4.839 7.172 9.857 9.189 6.401
1959 B 14.695 12.003 8.309 10.134 6.872 7.166 3.737 3.877 6.061 11.616 10.639 8.620
1962 B 5.979 7.290 10.622 7.543 14.628 10.036 4.949 4.888 6.077 11.618 11.241 6.061
1966 B 10.068 14.596 13.262 12.072 8.892 8.374 5.118 4.822 6.061 13.392 12.252 7.694
1968 B 13.946 8.788 8.716 6.435 6.584 7.4;3 4.714 8.845 6.044 12.252 10.769 8.603
1972 B 11.127 "0.808 14.581 12.300 8.820 6.830 4.276 3.894 6.010 13.832 9.954 9.764
1979 B 11.062 10.875 8.651 14.549 13.546 9.140 6.768 6.419 8.300 12.577 10.655 6A98

AVG 8.183 10.103 10.6~G 11.482 10.104 1.874 1.204 6.~87 6.188 tl,357 9.673 7.S26

I 1924 C 6,272 7,508 12,577 9.580 8,333 3,894 2.761 2.981 4.377 ’ 4.676 1.613 2,845
192~ C 6.272 9.040 11.176 9.726 8.586 3.698 3.013 3.226 5.741 7.950 1.776 3.805
1931 C 4.725 4.478 9.107 10.150 6.494 4.220 3.131 2.672 4.310 3.763 65 3.384
1933 C 4.904 3.569 5.458 11.225 6.746 4.594 4.175 3.470 5.926 6.777 1.939 3.939

1976 C 14.695 14.343 8.684 8.032 8.225 5.507 3.098 3.258 6.943 9.889 6.051 3.805
1977 C 5.246 5.673 10.932 5.099 6.133 4.317 3.013 2.525 1.162 1.971 831 3.013
1988 C 3.780 6.195 11.958 14.549 2.886 4.839 2.946 2.248 4.899 8.456 2.216 3.300

m 1990 C 5.425 3.990 9.612 12.740 6.097 4.317 8.603 2.802 5.859 9.107 2.151 3.434
1991 C 4.171 4.495. 6.615 6.549 6.746 11.339 3.605 2.8~7 6.623 5.767 2.704
1992 C 4.513 3.333 4.888 7.718 14.592 7.611 3.468 3.014 8.825 6.093 1.622 3.586

AVG 6,899 $,044 8,17t 6,800 ?,316 |,MS 3,,136 2,918 4,157 $,330 I~

m
1925 D 7.999 6.667 9.205 7.299 14.556 7.641 8.768 5.148 6.633 6.439 6.403 5.943
1926 D 7.120 6.902 7.950 12.072 14.628 6.647 6.162 4.562 5.690 10.622 9.221 6.333

m 1930 D 7.739 6.875 9.873 14.549 6.710 11.079 3.620 3.552 6.690 6.403 4.138 4.815
1932 D 5.914 5.438 12.007 12.414 7~.15 3.256 6.101 3.519 1.852 4.350 3.421 5.438
i939 D 14.695 13.013 10.020 8.309 7.071 5.376 4.t58 3.645 5.673 11.698 10.997 6.953
1944 D 8.016 9.579 13.408 12.154 14.646 8.798 2.626 3.910 6.788 10.0~5 10.850 6.431

I
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Appendix E-17. (Continued).

EXPORTS (CFS)
DWRSIM MODEL RUN 414 - INTERIM SOUTH DELTA PROGRAM

l~l" WlAT~R FLITURI~ ~FMAND

YEARTYPE

1947 D 7,331 6,721 11,567 12,170 10,824 6.113 4o310 3.~45 6,$56 10.384 10,M1 6,975
1949 D 6.798 7,694 g.2S4 9,026 7,287 14,663 4.983 4,806 S.~09 6,867 4,741 6.111
1955 D 7,250 10,455 14,581 14,484 9,489 4.040 $,603 =.910 e.6so 11,307 12.235 S.431
1960 D 7,608 .6,734 6,309 10,036 14,556 7.527 3.771 3.405 5,657 13,734 6,695 6,300
1981 D 6.~8 6,636 10,932 9,417 13.672 7.429 3.603 3,421 S,690 S,091 10,215 S.724
1~64 D 12,349 14,598 10.297 12,988 6,494 6,165 3.603 6.694 8,741 12,610 10,850 "r,273

..v<+,,,. ,,,-,, ,0,.2 ,,.,.1. ,0,0. ,,0. .,6. 3,.73,,.3 ,,o,,,m.,987,,.,           |,
II1927 W 7,263 14.596 11.175 13.506 7,937 6.009 9.613 7.980 6.633 11.144 9.286 5.111

1~41 W 6.745 8,047 14.581 14,549 14.286 8,553 9.680 9,989 5,620 5,833 9,260 1,956

1.~ w l",",t+11.1"6~,7160,~0 5.~ 7.98~6.1:’07,"2910."" 10,~5~’,759 ’."7 I.
1956 W 6.745 6.030 14.581 14.403 + 9.524 7.999 7.677 10,590 9,832 8,533 ¯ 8,SG4 11,027
1958 W 12,300 12,458 14.5B; 11.095 8.820 8.684 9.747 10,378 12,071 5,116 8.032 12.391

19~7 W 6,989 10.892 14.581 14,484 10.065 7,185 9.040 9,889 12.071 11,861 5,327 13.855
1969 W 7.511 8.838 14.581 14,451 11.147 7.054 8.384 9,645 11,E18 5.947 6.484 14,933
1970 W 14,695 10.993 $.455 6,2B9 6,584 7,690 6.027 4,643 6.414 12.51210,671 9,007

1974 W 9.596 14.596 14.58’~ 11.030 8,712 9,172 9.832 8,537 8,754 9,657 8,651 11,734 I1975 W 13,718 13,418 10,476 8.309 7,071 7.771 8.316 10.052 10.286 7.592 8.830 11.667
1982 W 7,380 14.596 14.565 12.988 8.351 8.928 8,923 10.313 11,229 8.032 7.934 14.933
1983 W 14,695 9.444 8.537 7,038 5.141 5.930 7.980 5.358 10,034 10,150 12,317 10,840
1984 W 8.798 7,492 7,217 5.132 6.043 7,690 6.330 4.985 6.835 13,555 8.961 11,195 I1986 W 6.354 6.249 12,252 14.125 14,358 5,635 6,973 7,201 6.465 11.290 8,260 8,367

AVG 9,932 11,742 12,378 11,659 8,986 1,178 1,488 1,711 1,321 6,0t1 6,621 10,SS0

II

|
!
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Appendix E-18. Simulated Average Monthly Combined Exports (cfs) by Water-year Type for Future
Operations to State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Normal,
D-Dry, C-Critical, A-Above Normal.

EXPORTS (CF~) AT CVP & SWP

Weter Weter- Oct Nov Dec Jan Feb Mar Apr May June July Aug ~ept
Year Year

19~ A 8.423 g.~ 11.~2 11.975 11.~3 7.1~ 9.~9 ~.,3 11.~ 7~ 8.1U 10.1M

1528 A 11.~ 11~ 11.~2 11.~ 7.1~ 7.~ 7.559 6.~0 6.~ 11.~I 11.~

1~0 A 8~40 4.747 4~52 12.~ 12.~8 11.Ul 8.~5 ~.~ 7.~2 11.~1 11.~

1951 A 9.82~ 11.195 12.~7 12o~3 12.~6 $.1~ 6.~9 7.4~ 7.795 11.~1 11.~

19~ A 11.~ 11~ 11.1~ 10.~ 6.767 8.~2 7.659 7.~ 6.~0 11.~1 11.~ 10.~

1957 A 11.~8 11~ 10.618 11.632 7.~ 7.739 6.~g 6~ 8.316 11.~5 11.~7 7.811

1~3 A 9.624 11.195 11.~ 11.~ 10.~0 8.~7 7.~3 6.810 8.401 11.~1 11.~ ~.862

1976 A 2.839 4.~D 9.873 11.~5 9.~7 6o175 7.710 6.~ 8~872 4.~
1980 A 10.981 11.~g 11.4~ . 11.812 4.8~ 5.$27 7.071 7.~1 9.~0 6.142 6.712 11.178
1,3 A 4.!87 4.7~ 11.111 12.887 9.~ 7.7~ 6.737 8.,3 11.8~ 7.~9 8.407 8.519

1923 B 11.388 11 .~9 11.730 9.9~ 4.711 7.168 8.~ 6.~ 7.~0 11 .~1 11
1935 B 4.399 7.071 6.826 12.~0 4.819 11.355 8.838 5.718 7.912 11.M1 8.162 7.~2
1936 B 10.182 6.582 6.712 11.812 12.924 11.,1 8.485 6.615 8.316 11.681 11.~ 6.212

1937 B 10.411 8.316 9.9~ 11.958 9.639 6.745 8.182 7.071 8.030 8.032 7.706 6.027
1~5 B 6.435 11.145 11.388 10.~8 9.278 7.511 6.~8 5.376 7.~2 11.681 11.~ 7.659
1~6 B 11.323 11.229 12.023 12.903 7.022 8.032 6.145 5.572 7.323 11.661 11.~
1~8 B 6.~3 6.650 5.028 10.720 6.083 7.755 6.953 7.885 9.~0 11.681 11.~ 9.~6
1,50 B 10.036 7.811 7.413 11.535 11.931 9.156 6.~7 5.653 6.485 10.769 6.~8 9.630
1959 B 11.38~ 11.~9 10.459 5.099 5.~7 5.289 3.973 3.975 7.~2 11.681 11.5~ 6.418
1~2 B 8.195 7.929 11.290 11.~5 10.181 7.885 5.808 5.637 7.189 11.651 11.~ 9.983
1~6 B 11.339 11.212 11.893 10.~ 6.588 8.032 5.808 5.~2 6.616 11.6~1 11.5~ 9.~6
1~8 B 11.388 9.680 7.299 5.083 6.209 7.299 5.421 3.~3 7.391 11.661 11.~ . 7.R2
1972 B 11.388 11.~9 11.355 11.535 10.7~ 7.788 4.~5 4.171 7.155 11.~5 11.~7
1,79 811.38811.14510.63910.1345.6327.3457.0376.2598.41811.,19.$966.4’8

1924 C 9.~I 7.576 10.573 11.013 9.152 3.~3 2.997 1.613 1.768 2.672 2.102 4.731
1,29 C 10.459 9.747 10.459 11.150 8.412 5.~2 3.165 3.372 3.401 2.330 2.330 4.714
1,31 C 6.500 5.~ 5.327 9.2~ 5.~1 3.747 3.165 3.470 4.478 3.242 ~0 4.747
1933 C 7.315 5.909 5.213 10.117 7.235 4.692 4.327 2.786 1.~9 1.287 652 4.815
1,~ C 5.653 2.811 9.9~ 11.470 5.975 4.~0 3.788 3.291 5.5~ 7.168 4.3~ 4.832
1976 C 11.388 11 .~9 11.4~ 11.6~ 6.480 8.~2 3.~2 3.438 7.7~ 10.~3 7.188 4.882
19~ C 5.735 6.263 5.002 4J53 2.310 2~7 3.182 9~ 690 ,7 2.737 4.747
1988 C 7.217 6.~7 11.290 11.421 7.058 3.910 2.980 3.307 6.~ 4.692 1.~2 4.7,8
1990 C 9.~9 7.811 10.6~ 9.6~ 7.852 6.012 3.7~ 3.~ 7.761 9.18, 3.~ 5.~2
1991 C 5.295 5.~ 5.116 3.552 685 11.516 4.~ 3.210 3.~9 3.8~ 3.975 4.~0
1,2 C 3.747 4.616 4.~4 ,.1, 8.~3 8.4, 3.,39 $.~5 ,.3~ ,.~
19, C 11.388 11.246 11.355 11.535 6.5~ 6.~ 3.~ 3.193 7.879 11.6,, 11.S1, S.,1

AVG 7.781 ,.~1 8.4~ ,.~ ,~O 5~7 ,~0 ,16 ,~0 ~ 3~7 ,,12

1925 D $.959 4.714 ,.270 6.875 11.101 8.051 6.717 6.116 4.242 ,.9, 7.217 6.152
1,26 D 6.2~ 7.205 9.2~ 11.453 11.895 6.6,0 6.~9 S.~ 6.~7 ,., 2.~8 6.,2
lg30 D ,.~5 4.242 10.720 11.470 7.~ 7.~9 4.074 $.812 7~90 11.,5 ,~0 4.7,
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W~ter Water- Oct    Nov    Dec    Jan    Feb    Mar    Apt    May’ June July    Aug Sept
Y..r ~..rType

1932 D 6.002 3.081 11.616 12,219 10.361 3.943 6.806 8.132 9.947 10.883 8.~38 6.135

1939 D 11.388 11.229 10.346 6.002 $.,04 ..859 4.327 3.763 7.744 11.,1 11.095 8.1"

1944 D t0.981 11.128 10.850 10.834 6.,78 7.1, 4.428 4.040 7.710 11.,1 11.584 6.532

1947 D t0.639 11.162 11.567 11.698 9.892 6.729 8.0e4 3.747 7.~09 11.,5 11.851 7.205
1949 D 10.362 10.707 11.323 11.307 9.556 11.486 ,.253 8.034 7.121 11.,8 9.113 6.364

1.55 D 10.769 11.229 11.339 11.567 8.213 7.299 3.838 4.040 7.,69 11.e49 ,.700 ’.354

I

1960 D t0.769 7.609 6.866 10.769 11.679 6.943 4.192 3.633 7.391 11.,5 6.442 6.354
1961 D 8.749 10.084 11.307 10.802 11.336 8.130 3.704 3.177 8.030 11.,5 11.274 4.731
1964 D 11.388 11.229 11.404 11.714 8.0~7 6.973 3.,7 4.,7 7.374 11.,1 11.884
1.81 D 11.33. 10.118 11.453 6.295 6.011 7.299 6.940 3.796 7.~42 11.,1 11.~84 ,.7"        Ii
1985 D 11.355 11.22. 11.388 11.600 6.913 7..9 4.276 4.545 6.902 11..8:l 11.$84 9.747
1.87 D 11.2.0 8.013 10.82~; 8.472 6.868 6.647 8.670 3.112 8.081 11.,S 10.688
198. D 3.780 ,.gG0 6.84. 8.67. 2.888 11.307 8.842 4.220 6.919 11.,1 ,.556 8.819

AVG 8.8,7 8.6.84 t0.301 ,.,97 ,.180 7.538 4.78S 4.1,5 7.244 11.37, 8.,, - ,.409
~1

1967 W 10.068 11.229 11.551 12.072 9.134 6.663 8.670 9.726 11.633 11.681 10.411 11.515
1969 W 10.,525 10.556 11.388 12.6‘59 4.747 5.474 7.694 9.303 11.633 7.836 9.172 11.51‘5
19~’0 W 11.388 11.229 8.179 4.871 ‘5.415 7.364 6.785 6.207 7.172 11.681 11.584 8.013

1974 W 11.385 11.245 11.587 12.903 8.159 8.048 9.512 8.,93 9.899 11.681 11.,584 11.515
1.75 W 11.388 11.229 11.437 10.297 6.462 8.309 8.956 8.993 11.633 11.681 11.684 11.532
1982 W 9.384 11.212 11.437 12.903 7.978 7.739 9.141 11.013 11.633 9.945 10.411 11.532

1984 W 6.354 5.623 6.305 4.399 6.505 7.429 7.037 8.43‘5 8.114 11.681 10.850 8.047 ¯
1986 W 7.1‘52 6.919 11.372 11.698 12.g0G 10.427 7.710 8.423 8.384 5.800 7.589 10.118

AVG t0.122 10.4~6 "    11.02~ 10.374 8.10t 7.818 0.224 8.806 10.258 8~89 10,213 10.f~4

!
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Appendix E-19. Average Historic Monthly Delta Outflow (cfs) by Water-year Type and by Time Pedods. The Time Pedods Represent Major
Changes in Water FI~ Man~:jement ~thin the Sacramento River system and the Sacrament~-,San Joaquin Bay-Del~a Estuary, Cafi~mia. Data
from Department of Water Resources DAYFLOW.

HISTORIC DELTA OUTFLOW (CFS)
AVERAGE MONTHLY, BY WATER-YEAR TYPE                    ~ "

~R~L

1945-1950 NO ABOVE_ NORMAL WATER YEARS

1~51.1Qfl7 1951 11).6oo 72.3Q~ I ;~9.2’;q 77.517 98.582     53,514 29.o12 34.30~ 10.44o 4.4~5 5.352 7.588
1954 Io.972 15.4~,1 15.8q~’ 37.308 71.8~�1 . 59,963 58,670, 30,233 8.~5 1,314 3.757 7,743
1957 17.701 16.1qi 13..~;75 15,719 24.4~0 63.622 20.480 32.732 15.581 2.427 3.70t 9.073
AVG il.408 34,01~0 53,023 4t,84~ 0t.039 59,031 35.034 32,454 t0,992 2,740 4,270 8,134

lg~8-1977 1973 11.919 25.943 27,133 101,685 102.16=: 76.907 22.191 11,099 7,211 4.599 5.993 11.153
1978 2.075 4.004 8.488 66.171 56.15q 85,544 61.276 40.874 9,0~ 3.974 5,927 11,793
AVG 6,997 14,974 17,0t0 83.928 79.162 81,225 4t,734~ 2S,286 I,t48 4,287 6,94S t!,473

1978-1992    1978 2,075 4,004 8.;188 66,171 58.159 85.544 61.276’ 40.874 9,0~ 3.974 5.927 11.793
1980 7,821 12.176 19.029 118.212 121.653 99.171 28.689 20.912 t4,870 11,19t 4.253 9.902
AVG 4,948 |,090 t3.7S9 92,191 88,90f, 92,3S7 44,983~ 30,893 t1,9T8 7,$85 6,094 t0,847

4.374 4,127 11,603 57,886 55,022 63.969 44,319 23,292 27.181 9,SSS 9.515 5.3~01~93-1994 1993

1995-1997 19~ 11,404 8,384 27.709 32,145 126.915 89,148 42,050 46,098 15,373 9,249 9.697 7,359
1997 4.625 8,625 82,007 259,538 117.070 33,157 13.566’ 12.038 8.143 9.352 8,623 3,9~
AVO 8,015 8.SOS 04.8~ 140,84t 121.993 81,153 27,80~* ~,0~9 t1,708 9,30t
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Appendix E-19. (Continued).

.=1 .....

HISTORIC DELTA OUTFLOW (CFS) ’

J.           ’ ..... ~.

I          ,,, .., , AVERAGE.M.ON. THL, Y,By,,,WATER-yEAR Ty, P.E .... , ,

BELOW PRE.1945 1935 4.153 14,477 12,947 44.792 30,249 49.290 108.101 85.596 35,435 4,340 1.214 3,824
NORMAL

193~ 8.385 8.471 11.307 80.978 112.583 64.949 62.358 47.443 29,t79 4,718 1,t91 4.350
1937 6.152 5.770 10,972 15.760 63.891 78.348 70,867 51.389 30,155 4.202 227 3.233
AVG S,232 9,~0$ tl,742 40,S09 88,99t 84.1~J$ 60,442 58,143 31,$10 4,42~ 877 3,802

1945-1950 1945 5,880 19,323 24.491 20.271 81.916 41.883 3~,834 41,0~ 24.672 7,258 5,291
1940 12.484 20.847 75.723 79.819 32.343 33.841 39.875 40.909 15,340 4,687 4,766 7.682
1948 10.434 12.225 9.419 23,120 12.613 21,948 56,947 56,799 41.224 8,636 5,936 9.878
1950 6.738 9.468 8.975 31.526 52.622 33.316 43,339 34.497 20.179 3.978 3.587 7,807
AVG 8,834 1S,468 28,852 38,884 44,874 32.747 44,746 43,623 25,3~4 S,836 4,~

1951-19~7 1959 13,051 14.716 14.437 32.890 58,739 27.692 11.607 7.303 1,322 2.5~1 5,194 9.958
1962 4,260 8,251 18.140 11.132 74.766 47.503 27.385 18.173 10.317 2°795 S.028 8,515
19~6 15,091 27.350 30.136 43.464 38.316 24.328 18,948 9.835 2,460 3,t55 4,846 6.905
AVG 10,601 t8,773 20,238 28,t82 58,g07 33,174 t8.313 11,71’0 4,7~0 2.93? S,022 6,’L=;|

t968.1977 19e8 18,749 16.202 20,498 24.257 52,061 40.314 9,932 6.737 3.666 3,684 5,2~4 6,004
1972 13.957 13.743 23.967 21,339 21.968 18.078 7,542 5,140 2,891 6,21t 6.470 10,478
AVG tS,3S3 14,872 22,233 22,798 37,0t4 2~,t~$ 0.737 5.638 3,278 4,~47 S,II7 8,240

1978-1992 1979 9.633 10,928 8.779 30,522 40.341 38.086 14.485 13.435 5,32e 5,384 3,475 5.058

1993-1994 NO BELOWNOP, MALWATER YEARS

1995-1997 NO BELOW NORMAL WATER YEARS
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API~ndix I~-Ig.

,, AVERAGE ~ONTHLY,~Y ~AT~-YEA~ ~P~. ........ ,,,

Y~ ~1 Y~ , , ..........
CR~L PRE-I~5 1931 7.~5 9.528 8.330 17.440 16.880 17,181 7.494 4,~2 ~1~ (2,971) (1.9~ 1,1~

1933 4,331 5.378 9.7~ 16.345 16,9~g ~.~1 23.402 21.~7 18.7~ 635 (5~) 2.3~

19~ 5.~8 7.9~ 17.~6 ~4.054 30,~7~ 27.~23 16,861 6.618 1,447 (1.~) (1,251) 1.~0

AVG S,S~ 7,~34 1t,728 22.613 21,3Et 23,~2 tS.StS t0,SS2 ~,~ (1,323)

1~5-19~ NO CRI~L WA~R Y~RS

1951-1~7 NO CRI~LWA~R

I~8-1977 1976 16.~ ~7.921 19.95~ 9.~5 7.495 7,858 8,833 ~,~6 3,915 4.~3 4.~

1977 3.623 3,6~4 4.213 4.365 4.924 3,070 3.~3 3.~ 2.521 3.212 2.514     2,791

AVG 10,~2 10,782 12,083 6,SSS ~,2t0 S,~4 S.958 ~,032 3~tS 3,~ 3,S12 3,231

1978-1~2 I~S 3,789 4.~1 9.4~ t9.591 3.~5 4.~2 1t.4~ 4,74S 3,170 3,~1

1~ 4.~2 5,478 4.4~ 9.8~ 6.793 3+8S0 6.~ 7,7~ 4.~2 4.05~ 4.5~ 2.5~

1~1 3,444 4.4~ 6.384 3.974 7,377 24.~2 3,744 3.952 4.111 3.4~ 2.~ 3,827

1~2 3,9~ 3.910 7.623 6.414 28.766 13.283 6.317 3.380 3,570 3.~ 2.925 3.433

A~ 4,0t8 ~,~ E,~85 9,96E 11,495 11,572 ~,890 4,~B 3,~ 3,1~ 3,t3S 3,0~

1~3-1~ 1~ 5.145 7,381 12.36t t0.78B 20.557 10.812 8,232 8.011 3,919 4.~1 3.4t7 S.570

1~5-1~7 NO CR~L WA~R Y~RS
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Appendix I=-lg. (O0nlinued).

HISTORIC DELTA OUTFLOW (CFS)
AVERAGE MONTHLY BY WATER-YEAR,,TYPE i

DRY PRE-1945 1930 5.459 5.708 37,193 35,034 34,421 57,082 35,113 22,900 0.081 ¯ 014 780 4,800
1932 3,5~7 7,130 25,902 36.872 42,162 35.181 33,391 47,290 33,898 7.139 507 2,31t
1939 11,074 14.508 18.230 18.144 21,335 27.733 19.990 0.740 t.009 (1,50~) (968) 3,634
1944 8.030 10,260 12,134 16.540 34.451 35.902 20,740 20,462 10.279 831 1,O55 4,480

AVG 7,t82 ~J,417 23.3G5 2G,048 33,092 30,~J 27,3ti 20,3~r1 13,717 t,920 344

1945-1950 1947 0,950 15.655 21.224 14,370 27,091 33.829 23.405 10,435 6,005 1,2~ 2,351 5.609
1949 10.999 11.354 14.829 13.971 17.184 ~1.567 33.573 20.404 9.030 2.578 3.842 6.942

AVG 9.974 t4,004 10,026 14,170 22,13R 47.898 2~,82~1J 10,4t9 7,52t t,933 3,04~ 8,270

1951-1967 1955 0,90~ 17.248 27.833 30.398 18.257 13.584 13.343 19.150 6.999 2.280 3,118 5,0~3
19~0 5.683 6.018 0,930 14.231 49.318 33.273 10,878 12,407 3.847 2,244 2,731 5,500
t9~1 5.013 13.543 19.090 15.580 41.997 28.425 13,397 8.580 3,541 1,672 4.007 5,649
19~4 14.978 27,945 22.825 29,970 20,918 13,073 9.107 9.704 5,302 3.185 4.704 9,442
AVG $,945 10,t00 19,171 22,~15 32.82t 22,089 t3,20t 12.482 4.923 2,348 3,M0

1960-1977 NO DRY WATER YEARS

1970-1992 19~1 7.3~9 6,670 12.480 10.326 21,174 26,487 11.653 9,143 4,80~ 5.29~ 3.181 4.690
1905 11,910 25,953 31.067 15.120 15,590 10.432 8,913 7,370 5.215 4.934 2.325 3.2tt
1987 10,628 7,732 8.987 10.819 16,059 22.916 6.291 4.952 3,49~ 3,829 2,85t 1.790
1909 3.177 6,624 7,231 3.604 6.379 30.929 11,700 7.484 6~201 8,294 4.~ 6.505
AVG 8,272 tt,745 14,943 t1,9&7 19,001 24,858 9,t56 ?,236 4,092 $,0H 3,22~ 4,04~

1993-1994 NO DRYWATER YEARS

1995-1997 NO ORY WATER YF_AR$
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Appendix E-19. (Continued).

HISTORIC DELTA OUTFLOW (CFS)
¯ AVERAGE MONTHLY BY WATER-YEAR~ TYpiC,

WET PRE.1945 1938 8.084 27.494 99.348 46.588 175.960 175.532 120.413 113.674 61.02~ 23.801 5.~O0 8.025
t941 7.802 12.1~5 65.921 120.056 139.992 126.238 114.990 82.999 4~.178 14.g09 3.742 4.021
1942 8.846 12.035 64.769 93.793 156.866 51.663 91.077 74.701 57.056 14.317 2.840 5.797

1943 9.346 20.070 32.670 92.785 82.570 114.620 76.502 46.805 2~.446 3.947 1.507 4.487

AVG 8.526 t7.929 63.427 88.30t t38.927 117.038 10~.745 79.$85 S2.$7| !3.~J~4 3.497 5.507

1945.1950 NO WET WATER YEARS

1951-1967    1952 10.442 16.117 48.669 105.640 104.198 84.888 104.461 105.610 64.397 17.248 7.529 10.420

t953 9.865 13.050 42.680 t 18.348 38.155 26.967 31.143 37.831 33.078 6.109 3.~9. 10.773

1956 5.801 10.313 127.768 188.311 98.145 63.542 40.217 59.667 35.49~ 6.798 7.030 12.05~

1958 19.507 19.732 28.826 44.482 184.221 111.577 153.762 78.659 50.52~ 12.00~ 9.224 14.393

t963 42.900 16.351 35.013 20.995 103.t73 29.180 tO2.776 53.124 t9.180 5.639 5.038 13.480

1965 8.118 17.243 108.447 135.616 58.241 27.860 56.912: 32.370 1~.tg0 5.865 8.487 12.917

1967 6.610 21.505 60.456 62.522 84.142 58.325 77.685 74.550 61.265 23.864 9.827 16.556

AVG 14.74~J 19.330 ~,1.294 96.566 95.465 67.1~4 1O.~J~7 : 93.144 4~.6t9 ft.38t ~’.2Sl t2.642

1968-1977 1969 5.453 11.120 25.682 123.140 159.046 93.506 89.375 64.584 46.598 13.143 12.458 20.188

1970 19.484 19.964 46.190 193.121 111.326 55.986 11.027 10.761 6.214 5.2~ 7.947 14.587

1971 13.423 26.117 85.369 64.152 34.211 32.069 36.983 26.40~ 21.216 11.654 t2.9~ 19.659

1974 14.071 59.945 76.406 136.699 59.178 77.575 109.547 25.544 16.943 9.385 12.783 26.981

1975 16.529 23.991 28.017 17.489 57.330 58.834 34.519 28.798 22.50~ t1.129 9.523 13.419

� AVG 14,t92 26.227 52.333 107.320 84.218 6Sot~1 $2.~J0 3t.2t4 22.998 16.10l t1.t4@ 17.’N7

1976-1992 1982 5.218 35.971 8~.579 97.706 92.770 80.089 142.203 57.676 26.515 t6.849 13.438 25.g2~

1983 22.9~6 . 39.152 88.937 89.755 175.757 266.688 1t8.109 98.707 71.038 43.980 24.567 31.501

1984 32.293 74.138 155.458 100.906 41.515 34.929 14.732 tl.204 8.03~ 10.252 6.272 13.650

1986 3.378 6.891 9.431 15.209 205.414 169.448 46 572. 15.911 9.322 7.384 5.135 10.778

AVG 15.989 35.038 8S.t01 75.884 128.864 t37.788 ~.404~ 45.924 2~.221 t9.~ 12.1~3 20.4@4

1993-t994 NO W~T YEARS ’

1995-1997 1995 11.098 5.357 9.633 107.488 72.835 200.945 90.871 98.112 46.819 26.865 10.~J2 19.~4
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Appendix Eo20. Simulated Average Monthly Delta Outflow (cfs) by Water-year Type at the CVP and SWP

DeltaNormal,WaterD-Dry,ExpOrtC-Critical,Facilities.A-AboveAVERAGEProjectedNormal.MONTHLYExisting OperationsDELTA OUTFLOWt° 1995 (CFs)Bay’Delta- Plan. W-Wet, B-Below

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL ~ SEP

los,= ... 10735 lr,,~ 6382 2sa,~ .048 44589 .037 17.3 ~’579 0501 ~13 4101

1973 A 5737 15513 lg017 73956 B9842 87993 15~53 14833 10310 I002 5853 4170

1978 A 2992 4044 6849 62011 60480 687"70 40511 17838 8766 8002 8302 5227

V̄G 8.812 14.t, 17.011 4=.#2 8t.t92 68.m =~A34 t,.~4 ~0.n~ 8.W= 6~m ,~7

1923 e 11679 12~1 3280~ 30707 22~I 10287 21430
lg35 B 2992 5634- 5540 21910. 11400 20245 - 3~593 28043..9,,o .7~ 6,o,. =5_
1935 B 4285 5224 5381 23349 85832 25425 18029 11167 82~2 7584 5207 :3182
1937 B 4001 5010 6831 8955 :37080 43807 19516 11475 11258 8505 4868 3074

1950 B 4398 5175 524~ 12745 27308 15577 15810 11368 8843 7828 6728 4230
1959 E 15199 10762 6131 34129 55124 16221 8416 7579 6840 7620 5385 4359
1962 B 4307 5103 690~, 6001 48632 18376 9571 1’1401 6840 7838 6061 4228
1966 B 6493 1889.r 8403 22918 21825 21415 11151 11124 6840 7788 6183 4179
1968 B 16772 11631 11135 28915 67390 33947 10325 7579 6840 7502 5243 4175
1972 B 8845 6890 14100 10327 18542 24722 9941 7579 6840 7827 6471 3765
197,~ B 9354 686:49~3 21520 44378 2963~ 15027 12903 10882 8505 4668 3405

AVG 7,425 8,281 13,697 19,739 35,58~ 22,28~ 18,$51 12,183 1,839 7,430 5,847 3,873

192,4 C 4168 5403 698~ 6379 96t4 10430 5837 5221 4000 5458 3415 3008
1929 C 400! 55.oc. ~"1C 5712 10111 10012 7309 6432 7107 6013 3415 3008
193~, C 4001 45r.~. 487,~ 6029 ’ 7800 7068 7819 4505 4000 4001 3415 3008
1933 C 4001 45~ 4761 7217 8489 8555 10399 6036 6830 4001 3415 3008
1934 C 2992 3645 644C 8436 12775 11401 10399 5577 6897 4001 3415 3008

197"7 C 2992 4679 7111 5797 7852 6788 6897 4505 4000 4001 3415 3008
1988 C 4001 4844 6gC~- 17933 11400 7800 7300 6496 6897 5546 3431 3008
1990 C 4001 4504 63~ 7867 11400 7309 10251 5911 6897 5610 :3551 3008
1991 C 2992 424~ 5386 5025 8027 21264 11258 5364 7037 5724 3415 3008
1992 C 2992 4192 ~.~. 5375 23897 14087 10377 5700 6765 5860 3415 3008

AVG 4,M5 5,235 6.131 7,815 11,079 t0,407 8,870 6,347 5,121
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Appendix E-20. (Continued).

DWRSIM MO~I~L RUN 420 - 1995 BAY-DFLTA PLAN.

1~9 D 1~ 8743 ~g 1~75 11919 M~ 1~ 7579 ~g ~ ~11

1~ D ~ ~3 6192 ~ ~M3 17~1 ~33 7~9 ~78 ~ ~

1~7 D ~5 ~ M3g ~0 1~ 1~3 11259 7~9 6131 71~ ~

1~9 D ~2 ~28 5811 ~72 ~S ~92 1~5 11124 ~9 ~ 4~1    41~

1955 D ~1 7~1 1~33 147~ 11~ ~ ~ ~2 ~g 7165 81~

1~ D 4780 M82 7174 ~14 ~0 141~ 11~ 7~9 ~1 71~ ~ ~70

1.1 D ~71 .3 70~ 6073 ~27 1~. 1~10 7"9 6182 ~ ~ 37.

1. D 8.9 2~90 61~ 1.26 114~ .. 7579 7~ ~03 71’3 --2 4379

~ D- " ~92 49~ L5310 "~95- 8175 31153 1~8 1~7 e117 ~ ’~31

AVG S,13t I,Eg3 1,1K I,Ill t1~2 17~ 11~2~ 8,787 S,I3S ~07 ~1

1927 W 5108 12~.c 68£~ ~983 115721 3~33 45857 lg~1 8052 ~2 ~41 3174
1938 W 4001 25~ 6~80 ~38 141~5 16~ 65~7 ~575 32476 8~2 5741 8322
1~1 W 4216 5799 40~8 97207 11~01 92835 79~3 3~1 11632 ~2 ~41 5518
I~2 W 13381 12016 6538~ 81907 143~5 24M9 49525 ~288 16858 e~2 5741
1~3 W 1481~ 15515 257~ 8~87 5~24 ~0~I ~501 1~6 7579 B002 ~41 3152
1952 W 5261 7576 43974 87413 74~I ~732 ~7 60716 331~ ~002 5741 1~55
I953 W 15595 11339 42~ I0~73 257~ 17525 16~0 21029 157~ ~2 ~41 ~90
19~ W 4001 ~ 74937 I~181 87517 31286 17~6 ~a86 14515 ~2 6525 ~20
I958 W 9328 9114 17108 ~ I~ I~31 102118 39711 303~ B~2 5741 9897
1~ W 28326 1~2c. 18762 8571 69245 25~9 89~5 ~201 ~16 ~2 ~Sg ~37
1~5 w 4~1 ~55 7~14 112333 ~976 15~3 45171 ~16 7579 883~ 5741
1~7 W 4622 ~3~ ~I 481~ ~145 ~37 485~ 452~ 37462 980~ 5741    gg01

1971 W 5178 1590C 65~91 457~9 ~95 43743 I8812 ~B8 I~89 e~2 6375
1974 W 58~ 612~ 6512a 125762 42495 105870 70319 2~52 124~ 8~2 5741 10509

I982 W 4~35 28283 88016 ~ ~724 ~I~ 14~10 ~ I~99 ~2 ~01 I~124
I983 W ~I~92 4676~ 89~7~, I07~2 1890~I ~27~0 110~6 ~14 74552 ~20~5 ~71B ~28
I9M W ~7420 ~001 159165 8~ 4~714 ~I~ I~5 ~7~I ~I ~2 ~41 ~7~0
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Appendix E-21. Simulated Average Monthly Delta Outflow (cfs) at the CVP and SWP by Water-year Type
for Future Operations to Interim South Delta Program With Future VVater Demands. W-VVet, B-Below
Normal, D-Dry, C-Critical, A-Above Normal.

DELTA OUTFLOW (CFS)DWRSIM MODEL RIJN 414 -
INTI~RIM ~;OL,rTH DFLTA PROGRAM AT FLITURI~ I~F:MAN~)

I ! ! " !- I I- I’u" I " 1 I’°
1922 A 4.008 4.983 7.299 0,254 43.146 29.700 19.830 42.978 23.771 8.016 5.985 3.401
1,28 A 4,236 12,611 ,.468 12.,36 20.416 98.,3 24.057 19.653 7.5,3 8.016 ,.162 8.013
1940 A 4.008 6.202 6,.224 16.948 41.522 97.312 62.979 14.728 7.693 9.123 6.142 4.832
1951 A 4.888 39.125 99.736 65,282 65.657 26.067 13.350 15.950 7.593 10.199 6.891 8.522
1~.4 A 5.425 8.603 6.256 19.241 68.550 44.673 38.114 17.840 7.593 9.238 7.l,~9 3.~06
1957 A 6.113 6.498 5.213 7,548 34.199 41.251 15.976 13.294 6.670 10,297 6.624 5.556
1973 A 4.448 11.532 14.793 71.163 63.549 59.726 15.892 14.370 10.370 9.710 6.891 3.889
1978 A 2.998 4.158 6.810 68.260 62.121 62.089 38.923 16.650 9.278 8.016 6.224 3.737
1980 A 4.008 6.599 8.716 54.314 131.684 98.003 15.825 12.4~3 7.693 ’8.091 6.207 3.653

AVG 4,811 tl,057 t9,835 38,8~8 61,2,27 68,100 27,183 17,112 10,80~ 9,0?8 S,812 4,198

1923 B .5.735 9.394 31.427 30.384 22.709 9.677 21.616 11.600 8.114 7.364 6.784 5.004
1935.r B 2.995 5.724 5.5_56 .. 17.709 11.418 20.104 54._596~ 28.087_. 9.3~_0 7.071 6.556 4.091
1936 B 4.171 5.522 5.670 21,522 61,905 24.422 18.535 11.209 9.266 8.179 5.735 4,714
1937 B 4.008 5,354 7,299 7.266 34.722 43,7~0 19.764 11,404 11.279 6.517 8.197 3.095
1~45 B 4.545 6.212 6.908 6.224 42.226 21,082 12,054 9.922 9.714 7,152 4,676 3,098
1946 B 4.008 7.205 60.055 45.976 22.619 15.445 11.162 11.274 8.90~ 6.794 5.930 3.098
1948 B 5.279 5.488 5.833 6.452 11.418 10.704 19.343 24.519 11.077 9.971 6.582 5.387
1950 B 4.008 5.202 5.262 10.215 25.703 15~168 16.077 11.421 8.855 7.217 6.142 5.0~7
195~. B 9.90~ 6.616 5.702 32.437 54.672 16.960 8.434 7.592 6.852 7.918 6.631 5.118
19~2 B 4.008 5.202 6.973 6.012 45.833 18.035 10.774 11.421 6.852 7.885 6.663 3.638
1966 B 5.051 15.741 7.201 22.418 23.268 18.328 11.566 11.144 6.852 8.456 7.022 4.731
1968 B 11.486 10.774 9.694 27.696 66.288 32.926 10.589 7.592 6.852 8.113 6.568 5.101
1972 B 5.523 6.465 7.690 8.374 19.697 25.073 10.0M 7.592 6.852 8.553 6.484 5.219
1979 B 5.556 6.145 5.947 15.086 39.610 29 456 15.859 12.740 10.943 8.211 6.500 3.737

AVG 6.448 7,217 12.232’ 18.412 34.435 21.510 t5.747 12,980 8.627 7,814 6.107 4.370

1924 C 4.008 5.404 7.185 5.767 9.975 10.443 5.842 5.279 4.007 4.008 3.421 3.013
1929 C 4.008 5.842 6.598 5.702 10.245 10.036 7.323 6.452 7.121 5.881 3.421 3.013
1931 C 4.008 4.512 6.663 6.175 7.937 6.957 7.828 4.513 4.007 4.008 3.421 3.013
1933 C 4.008 4.512 4.692 7.217 7.792 8.179 10.421 6.093 6.835 4.855 3.421 3.013
193~ C 2.998 3.889 6.517 6.891 11.670 11.421 10.421 5.621 6.902 4.040 3.421 3.013
1976 C 9.091 5.768 6.993 6.435 12.013 8.781 7.795 6.386 6.902 6.663 3.421 3.013
1977 C 2.995 4.714 7.136 4.513 7.955 6.973 6.902 4.513 4.007 4.008 3.421 3.013
1988 C 4.008 5.017 6.957 15.054 11.418 7.967 7.30~ 6.500 6.902 6.224 3.421 3.013
1990 C 4.008 4.512 6.908 7.250 11.418 7.006 10.269 8.947 6.902 6.533 3.421 3.013

1092 C 2,998 4,040 4,448 5,327 22,330 13.982 10.522 5,716 6.785 4,757 3,421 3,013
AVG 4.103 4.878 S,82~ 6,889 10,8S0 10,311 8.718 9.671 6.12l 6.98t 3,.421
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IHTERIM ~oLrrH DFLTA PROGRAM AT FUTURI~ t~I~MAND

--

19, D 4.~, 4., ,.425 6.9~ ,.1~ 11.~7 1’."0 11."9 6.1" 7.~1 ~7 6.~7

1~0 D 4.~3 5.~ 6.240 5.980 16.633 13.~7 11.414 7.5~ 6.~ 7.~$ 5.~2 4.~3

1~1 D 4.~8 5.976 7.~ 6.~ 16.378 13.5~ 10.539 7.~2 6.195 6.712 6.1~ 3.013

I

1, D 6.370 .8.~7 ..~4 15.673 .1.418 ..818 7.5,3 7.692 6.7~ 7..~8 6.012 4.4"
1981 D 5.979 5.9~ 6.533 11.241 21.1~ ~.572 11.330 7.592 6.128 7~ 6.012 4.916
1985 D 6.191 24.M8 21.~1 9.~0 11.724 10.~7 9.024 10.0~ 6.128 7.M3
1987 D 4.~0 4.~2 6.7~ 6.~ 12.175 20.169 11.128 7.~2 6.128 6.~3 4.073 3.013

1927 W 4.008 10.303 6.517 19.632 123.~6 39.492 45.370 19.827 8.~8 9.335 6.~0 3.249

II

l
II
¯ 1~3 W ~.141 7.003 20.528 12.757 72.926 27.713 89.781 25.187 9.105 8.879 6.M3 4.327 I

I 1971 W 4.073 11.481 ~.582 42.131 24.080 43.695 17.189 25.758 12.189 9.335 7.071 5.926
1974 W 4.936 51.768 62.~8 1~.~1 43.146 1~.191 69.747 20.316 12.~3 8.781 6.745 6.330

1982 W 4.024 20.0~ 81.248 ~.550 98.539 83.~9 143.418 47.393 16.515 6.016 5.751 11.785
1983 W 27.745 47.407 89.883 107.511 189.105 ~2.~8 110.6~ 81.378 71.515 ~.~9 7.331 23.215
19~ W 35.305 82.~8 157.755 83.~3 47.~8 ~.~5 13.401 9.~3 8.316 10.248 6.~ 5.488

I

1986 W 4.008 5.168 6.875 8.912 212.825 153.~1 ~.~ 10.~2 7.,3 ,~0 6.142 3.,39
AVG 8,712 1$,223 47,$28 75,M0 ~1,327 75,1t4 S3,3~7 33~71 1|,455 ~,~32 ~,~30 S,47S

! !

D--025308 -
D-025308



Appendix E-22. Simulated Average Monthly Delta Outflow (cfs) by Water-year Type for Future Operations
State Water Resources Control Board Water Rights Alternative 5. W-Wet, B-Below Normal, D-Dry, C-

Cri~cal, A-Above Normal

IIDELTA OUTFLOW (CFS) |

1922 A 4.008 4,512 9,840 11,421 ~9,224 32,225 21,229 45,45,5 29,~0 8.016 4,008 3,114

1940 /~ 4,0~9 4,579 4,862 21.180 M,513 102,574 67,155 17,139 8.192 8.016 4.774 3,013
1951 /~ 4,008 49,781 95,503 70,121 80.986 3%558 13.771 1@,292 9,697 8,016 4,659 3.013
1954 A 6,957 t0,926 4,~2 25,155 80.289 47,524 38,384 20.38~ 7,172 8,016 4.855 3,013
1957 .A 13.001 6.421 4,694 9.514 31.065 44.705 1..794 16,200 10.~0 .,016 4.$45 3.013
1973 A 4,138 15,084 17,693 75,958 95,072 63,376 17.997 13,056 10,791 |,016 4,~94 3.013
1976 A 6,425 3,519 4,888 57,641 80,199 72.206 49.209 22,255 11,650 8,016 4,431 3,687
1980 A 4,594 6,566 13.099 105.409 147,383 ~3.955 19.714 13,816 11,807 8,016 4,464 3,638 -.
1993 .A 6.409 3,502 6,109 54,643 63.538 55,949 37,222 24.388 20.286 8,01, 4.008 3.013

I

AVG 6,1M I0,318 15.430 40,M8 97,727 95,1’21 21,200 1|,S28 11,$22 "~,~7 4,123 2,957

1923 B 6,761 8.838 34.392 31,525 23.375 11.975 23.350 12,105 10,084 6.517 4,008 3,013
"1935 B "5.360 3.502 3,503 21.799 11.426 21,554 41.347 27.~08 10,370 6,517 4.008 3.013

1936 B 4.008 4,512 4,513 26,132 84.856 28.315 20,238 12,594 11,010 6,517 4,008 3,013
1937 B 4,008 4.512 4.513 8,341 45.487 49,234 24,141 16,389 10.162 0.517 4.008 3,013
1945 B 4.024 5.067 7.217 6.012 48,502 31.476 11.582 10,264 9.209 6,517 4,008 3.013
1946 B 4,871 6,956 65,019 47,381 23,80~ 21.538 11.380 11.225 6.788 6,517 4,008 3,013
1948 B 4.005 4.512 4,513 5,621 11.426 13,962 20.993 22.255 12.929 6,517 4,008 3.013

I1950 B 4,006 4,512 4.513 13,148 27.076 16,259 17,071 11.584 10,800 6,517 4,008 3,013
1959 B 14.239 6,549 5.670 34,197 55,144 19,876 8,535 6.729 9,192 6,517 4,008 3,030
1962 B 4.008 4.512 6.517 8,012 50,794 25.448 13,266 11.290 6,519 6.517 4,008 3,013 am
19~6 B 4.659 18,973 11,160 27,729 28,195 25.024 14,074 10.704 7.475 6,517 4.024 3.01:3
1~66 B 13.539 8.030 11,160 30,694 62.870 38.296 13.300 6,826 8.906 6,517 4,008 3,013
1972 B 7,625 5,202 11,355 11.160 17.653 27,142 10,455 7.657 3.603 6,517 4.008 3,013
1979 B 7.348 4,949 4,513 25.692 52.076 36.966 16,330 10.916 10,808 6,517 4.008 3,013 am

AVG 6,319 6,616 12,1~8 21,102 38,7~4 28,079 17,S78 12,759 9,79$ 6,617 4,00~ 3,015

1924 C 4,008 4.512 4.513 5,914 11.083 10,117 5,875 6,908 6,902 4.008 2,998 3.047
1929 C 4.008 4,512 5.116 6.175 11.986 10.916 8,869 6,484 6,044 4.008 2.998 3.030
1931 C 4,008 4,512 4.513 5.539 7,888 5.224 6,635 7.006 6.902 4.008 4,611 3.030
1933 C 4.073 4.512 4.513 6,468 6.231 7,950 10,101 5.784 6,987 4,008 4.611 3.030
1934 C 3.030 5,909 4,643 8.130 11.498 11,421 10,034 5.686 6.902 4,008 2.998 3,047
1976 C 14.581 9,428 6.729 7.087 15..21 12,806 7.172 6.191 9.764 4.008 2.996 3.064
1977 C 4.562 3.585 4,171 4,513 11.029 6,077 7.020 6.908 6,902 4,008 2,998 3,030
1988 C 4.005 4.512 6,761 18,538 12.437 7.885 6,768 6,647 6,902 4,008 3,421 3,030
1990 C 4,008 4,512 4,513 13,978 11,715 9.743 9,~4~ $,794 9,966 4,005 2,~98 3,013
1991 C 4,627 3,519 4,236 4,513 10.830 23.509 12.189 5,767 5.. 4,008 2,.8 3,030 , .
1992 C 5,637 3,502 3.503 4,888 31,606 15,383 10.370 5,767 6.717 4.008 2,998 3,030
1994 C 5,002 13,519 d,211 8.390 26,534 10,492 7,963 6,955 9,983 4°058 2,996 3,013

AVG 8,129 6,M4 8,1t8 7,I~1 14,230 t%085 1,420 ~ 7,404 4,00l ,~102 3,033
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.... DELTA OUTFLOW (CFS) "’ |
BOARD ALTI=RNATIVI~ 5 DWRSIM MODEL RUN f!24 I~T~T~WATI~R RESOURCFRCONTROL

1,25 O 5.57, ,.555 4.,57 ,.012 ,.574 27.256 20.152 10~31 ,.754 $.002 ,.~03 $.047

1,26 D 4.008 4.512 4.513 ,.4~8 ~2.E09 11.180 1,.975 11.111 ’.IX)3 5.002 4~ 3.01:3

1930 D 5.702 $.519 4.,57 13~94 12~220 27.142 10.842 8.439 ,.788 6.002 3.~03

1932 D 3.014 6.926 10.182 11.095 1,.105 11.421 11~12 ,.091 10~36 8J]02 ,.E03

1969 D 4.659 3.502 4.220 4.757 10.578 ~4.946 lg.327 10.0~5 3.0~1 S.002 :~.503 3.091

1941 W 4.008 4.512 40.567 100.912 123.213 95.30~ 77.239 41.512 16.195 8.016 4.497 7.694
1942 W 14,942 6,973 62.138 16,543 147.942 30.515 49.529 35,691 20,067 8.016 4.138 4.697
1943 W 14.272 14,428 22.369 88,139 64.134 ~2,632 30.539 18,765 10.253 8.016 S.295 :3,013
19S2 W 4.008 7.071 41.398 90.453 79,206 71.69~ 69.226 68.198 35,572 ~.016 4.005 11.111
1953 W 16,520 7.306 41.512 103.524 29.801 21.733 14.832 22.353 15,404 8.016 4,301 3,350

I1956 W 4,008 4.512 78.983 172,711 92.617 40.143 19.630 37.862 17,273 8.016 4.073 6.751
1958 w 11.~7 9.0,~ 13.,5 30.~731,6.05~126,0a7~03.~4 49.039~,054 ~,0,5 ~0~3 1:3.,4

1~9 w 4.00~ 4,~3 lS,.s 1,,,~ 149.440 71,457 ~2.~ ~s,29~ 29.79~ 6,o15 4.oo~ 1~.54o

1971 W 4,008 14,1~2 58,309 45.503 24,819 50,098 19,125 25.432 13,838 8.016 4.268 7.391 .
1974 W 4,985 56.279 66.585 127,690 45,108 112,838 68,300 23,998 13.704 8.016 4.285 12.037
1975 W 12.447 7.967 8.456 11.180 65.758 91.042 25.286 25.725 17.811 8.016 4.057 7.79~
19,2 W 4.008 .25.707 85.109 79.472 105.343 91.251 141.330 44.803 21~46 8.016 4.008 14.327

-.
19. w 2 .32,42.,0,61.460111,70 1,6.430252.2°,,02.07,73..0 ,3,1. 9,25422,,12
1985 W 4.008 4,512 7.087 14,467 219,0~7 153,649 24,495 12,871 10,741 8,016 4,888 $.333
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